Formal Development and Validation of Java Dependable Distributed Systems by Di Marzo Serugendo, Giovanna et al.
 
		
ﬀﬂﬁﬃ
	ﬀ !"#$
% &'()ﬀ
*	"+(,-!*./0ﬀ21435,607,
8:9<;>=@?BA0AC?ED9FG?BHJIK;MLONKHJP!QRNSA!T!;OUSVCW59YXK;BZ[?B\48P!NSZ<]C^_V
`
ZYNba!?@A!T!NKH5c4;Rde?BA!;f=6\hgji6kfV
`
=RNSZY9<A!;lHh?BA!XS9Y\hXS;emn;RHhIS;Rkho p
UqRrsq>tvuswyxKzb{|~}}KJŁwYS}[|Ss6BKKJŁ~hJx_0t" q@JS}JKShx_zb{|¡Ł¢JK
^ w<K}[|SzbK£0¤|~S&BKShŁ~hJ|¢Jx>qt¥hJ¦ qS§¨©fhStvª&|~b©f
k4us£K¨'C60h¨'£SS|~K z|~ShxS«nK|~¬­y}|~<J-®ny{!}[Ł¢&S£fh6KhxS®s¯C°"±C«x«nª
p _KŁ¢ShSsS&wY²¨³¤|~xK´-«&0±nz>xS´RJ
µŁ¢JhxK¦hJ¶¦"t<¦hhbx·OJ¡|¢Ł
¸º¹ »¼f½>¾C¿B¼
ÀRÁ>ÂEÃÄÅBÆvÇÈÂyÉ"ÅÄÊ>ËÆvÌbÊÍÌÎ)ÏfÄÐÄ³ÅBÃyÌÑÃyÄÒË³ÆÓÊ@Ô[ÌeËÌÎÔYÕÄÃÂ
ÒÖÄbÃy×ÂÔnÆ²Ë
ÌÎÔ[ÂÊ:ÊRÌÔËØhÅSÅ>ÌbÃÔ[ÂÇ5ÙÚ5Ä ÅRÃyÌÅÂÃÇÂÐ­ÂÛÜÌÅRÒÖÂÊÔ
ÒÖÂÔÝÁ>ÌhÇÌÛÞÌyÑÚßàÂ"ÃyÂ"á'ÕÂÅBÃyÂ"ËÂ"Ê@Ô
ÄÎ"ÌbÃÒÖÄbÛÇÂÐ­ÂÛÜÌÅRÒÖÂÊÔ
ÒÖÂÔÝÁ>ÌhÇÌÛÞÌyÑÚÕÂÛÓÛ~â[ËØfÆÓÔ[ÂÇÎ"ÌÃÏfÄbÐ­ÄÇÂÅ>ÂÊBÇSÄÙÛÜÂ'ÇÆ²ËÔYÃÆvÙ"ØfÔÂÇ
ÄÅSÅBÛ~ÆvãÄÔYÆvÌÊËßåäÔ&Æ²ËÖÙÄË"ÂÇÌbÊ)ÔÝÁ>ÂÖËÔÂÅBÕCÆ²ËÂÖÃyÂ<æÊRÂ"ÒåÂ"Ê@ÔÌÎ
ÒÖÌhÇÂÛ~âÌbÃÆvÂ"Ê@Ô[ÂÇ
Î"ÌbÃÒÖÄbÛ!ËYÅ>ÂãÆ æãÄÔYÆvÌÊËá ÄÊBÇçÂ"ÊRÄÙÛÜÂËÖÐÄÛ~ÆÓâ
ÇÄbÔ<ÆvÌbÊºÌÎÖÔÓÁÂ5ÌÙÔÄÆÓÊBÂÇ:ËÚ­ËÔÂÒèÕCÃÔÔÝÁ>Â/ã"Û¢ÆvÂ"Ê@Ôhé ËåÃyÂêØfÆÓÃyÂ"â
ÒÖÂÊÔ<Ëß
ÀRÁfÃyÂÂëÃyÂ<æÊRÂ"ÒåÂÊÔÖËÔ[ÂÅ@Ë:Á>ÄbÐ­ÂMÙÂÂÊìÆvÇÂÊÔYÆ æÂÇíÆÓÊìÔÓÁÂ
ãÄ­ËÂîÌÎ)Î"ÄØfÛ¢Ô<âÔÌÛÜÂÃyÄbÊÔÇÆ²ËÔYÃÆvÙ"ØfÔÂÇïÄÅÅRÛ~ÆvãÄÔYÆvÌÊË"ðæÃËÔvá
ËÔ[ÄbÃÔ<ÆÓÊ_Ñ
ÎÃyÌbÒèÆÓÊJÎ"ÌbÃÒÖÄbÛÃyÂêØfÆÓÃyÂ"ÒåÂÊÔ<ËáÄbÊEÆÓÊÆÓÔYÆvÄÛÎ"ÌbÃÒÖÄbÛ
ËYÅ>ÂãÆ æãÄÔYÆvÌÊºÆ²Ë/ÇÂÃÆÓÐÂÇSßñäÔ
ÇÌhÂË4ÊRÌÔ
ÇÂÅÂ"ÊRÇ)ÌbÊeÆÓÒÅBÛÞÂ"â
ÒÖÂÊÔÄÔYÆvÌÊãÌbÊ>ËÔ<ÃÄÆÓÊÔ<ËÖÄbÊBÇÅRÃyÌÐhÆvÇÂ"Ë5Ä:ãÂ"Ê@Ô<ÃÄÛ~ÆÜòhÂÇóËÌÛ~Øfâ
Ô<ÆvÌbÊ>ôCËÂãÌÊBÇáÇÂÅ>ÂÊBÇSÄÙÆÓÛ~ÆÓÔ<ÚóÄÊBÇåÇbÆ²ËÔ<ÃÆvÙØfÔ<ÆvÌbÊ³ãÌÊËÔYÃyÄbÆÓÊÔ<Ë
ÄÃyÂ)ÆÓÊ@Ô[Â[ÑÃyÄÔÂÇ­ôÔÓÁfÆÓÃyÇ­á/ÔÓÁÂ³ÏfÄbÐ­ÄeÆÓÒÅBÛÜÂÒÖÂÊÔÄÔYÆvÌÊìÆ²Ë³ÃyÂ"â
ÄÛ~Æ²ËÂÇßÀRÁÂöõs÷sâ÷øùsú@ûÈÛÜÄÊ_ÑbØÄJÑSÂñÆ²ËñØ_ËÂÇMÔ[ÌöÂÉ"ÅBÃyÂ"ËË
ËYÅ>ÂãÆ æãÄÔYÆvÌÊË&Î"ÌbÃÒÖÄbÛÓÛ~Ú­ôÄÊRÇÔÝÁ>Â/ÇÂÅ>ÂÊBÇSÄÙÆÓÛ~ÆÓÔ<ÚñÄÊRÇçÇÆ²Ëâ
Ô<ÃÆvÙØfÔYÆvÌÊ/ÇSÂËÆ¢ÑÊ4Æ²Ë&ÙÄË"ÂÇ
ÌbÊ4ÔÝÁ>Â õÌhÌÃyÇbÆÓÊBÄÔÂÇ üÔÌÒÆvãÄSã"â
Ô<ÆvÌbÊ5ãÌÊBãÂÅBÔßÀRÁ>ÂsÒåÂÔÓÁÌJÇSÌÛÜÌÑbÚÄbÊBÇÔÝÁ>ÂsÔÝÁ_ÃyÂÂnÃyÂ<æÊRÂ"ÒåÂÊÔ
ËÔ[ÂÅ@Ë'ÄÃyÂÅRÃyÂËÂÊÔÂÇÔÓÁfÃyÌØÑ­ÁÄÐ­ÂÃÚËÆÓÒÅBÛÜÂÎ"ÄØfÛ~ÔYâÔÌÛÜÂÃyÄÊ@Ô
ÇÆ²ËÔYÃÆvÙ"ØfÔÂÇ5ÏfÄÐÄ5ÄÅÅRÛ~ÆvãÄÔYÆvÌÊBß
ýçþSß 
	@ÔYÃØã"ÔYØfÃÆÓÊKÑöõCÌbÒÅRÛÜÂÉÈõÌbÊBãØfÃÃyÂ"Ê@ÔBÚ­Ëâ
Ô[ÂÒËá õs÷nâ÷øCù&ú@ûáOÌÃÒåÄÛÂÐ­ÂÛÜÌÅBÒåÂ"Ê@Ôvá@ÔÂ[ÅRÕCÆ²ËÂÂ"â
æÊRÂ"ÒåÂ"Ê@ÔváÂ"ËÆ¢ÑÊçÎ"ÌbÃ@ÄÛ~ÆvÇSÄÔYÆvÌÊá/õÌJÌbÃyÇÆÓÊRÄÔÂÇ)üÔÌÒÆvã
üãÔYÆvÌÊ>ËáÏfÄÐÄß
 

¼f½ﬀﬂﬁﬃ¿B¼! "

#%$&'&)(ﬀ*,+-(ﬀ&)&/.0+1(ﬀ*325476!&/89&/(6:5;ﬀ<-&'6ﬀ+-=">?.0+1;@!>?&6A=?B!=C>0&/DE=
="$2,@ﬀ<F6G;&;:,=?&)6G2
(H:6!&)I,&/<-2,8DJ&)(K>LDG&M>?$2N6ﬀ2,<-2,*,BPOﬂ+Q>0$R:
6!&)=?+-*,(S8ﬀ$:,=?&.?&)<1BN+-(ﬀ*H2
(SOT&)<1<1UV&)=">0:5;<1+F="$&)6W6!&="+-*,(W8ﬀ.0+-(XM+1U
8ﬀ<-&)=ﬂ:5(6H4Y2
.?DE:5<Z&)(ﬀ2,@ﬀ*
$R4Y2
.ﬂ:J=?&/.0+-2,@=I,&).?+1[X):\>?+-2,(R8ﬀ$:,=?&
>?2E;9&6!&M[(ﬀ&)6]
#%$+-=^8:589&/.^8ﬀ.0&)=?&/(K>0=^:_4Y2
.?DE:5<`6ﬀ&/I,&)<12
8ﬀDG&/(K>DG&M>0$ﬀ2!6NU
2,<-2,*
BP;:
="&6H2
(E>?$ﬀ&TaC2,+-(K>@="&254b=?BN(Xc$ﬀ.02,(ﬀ+-d/&6Hef&M>0.?+9(ﬀ&M>c=
:5(6g>0&/DG892,.c:5<h<-2,*
+-X'4Y2
.?DP@ﬀ<-:,&,]jiV>_6!&/[(ﬀ&)=_:kOﬂ$ﬀ2,<-&l6!&/U
I,&)<12
8ﬀDG&/(K>E8ﬀ.?2!X/&)=0=_mn:5(:,<1B!=?+-=)oT6!&="+-*,(bo`+1DG8ﬀ<-&/DG&)(
>c:\>0+12
(p
Oﬂ+1>?$':P6!&="+-*,(_8ﬀ$:
="&.?&)<1BN+-(ﬀ*q2
(H>0$ﬀ&^=C>0&/8NOﬂ+-=?&.0&M[(ﬀ&/DG&/(K>
2,4T="BN(Xc$.?2
(ﬀ+1d)&)6Sef&/>?.0+r(&M>0=)]P#%$&JX/2,.0.?&Xs>?(&)=0=2,4`>?$ﬀ&G.0&MU
[(&/DG&/(K>W=C>0&/8='+F=_I
&/.0+Q[&)62
(t>?$&3;:
="+F=_254>0$ﬀ&3<-2,*
+-X):5<
4Y2
.?DP@ﬀ<-:,&,]
u
BN(Xc$ﬀ.02,(ﬀ+-d/&6Gef&M>?.0+ﬀ(ﬀ&/>0=:5.0&ﬂ&Mv!8ﬀ.0&)=0="&6J@="+-(ﬀ*JwT2
(XM@."U
.0&/(K>Tx;!aC&)XM>"U"x.?+-&/(K>0&)6qef&/>?.0+!yh&M>c=hmzwﬂxU"xeLy7{5|
p`} ~5V]wﬂxU
xeTy{5|_+F=:5(k2
;!aC&)XM>"UV2,.0+1&)(
>0&)6l4Y2,.0DE:5<L=?8&XM+1[X/:5>?+-2,(k<F:5(!U
*
@:5*
&q>0$:\>q:,<1<-2\Oh=7XM2,(XM@ﬀ.0.?&)(K>7=?B!=C>0&/DE=>?2;9&H6!&)=0XM.0+1;9&)6
+-(^>?&).?DE=r254=">?.0@Xs>0@ﬀ.0&)6ef&/>?.0+
(ﬀ&/>0=b4Y2,.r>?$ﬀ&;9&/$:IN+-2,@ﬀ.r8:5.?>)o
:,(6^:5<-*,&);ﬀ.0:,+-X=?89&)XM+1[X):\>?+-2,(=4Y2,.b>?$ﬀ&6ﬀ:\>c:h=">?.0@Xs>0@ﬀ.?&=@=?&)6
>026!&/[(ﬀ&'I\:5<-@ﬀ&)=PDE:5(:,*,&)6;KBk>0$ﬀ&ef&M>?.0+(ﬀ&M>c=/]#r&/DG8925U
.c:5<9<12
*,+FXh4Y2
.?DP@ﬀ<F:5&@="&6E4Y2,.>0$ﬀ&7.?&/[(ﬀ&/DG&)(
>ﬂ=">?&/8=:,.?&&MvNU
8ﬀ.0&)=0=?&)6P;KBJDG&):,(=2549>?$&h&)(ﬀ(ﬀ&)=0=?B
UW+-<1(&/.`<-2,*
+-X7mSrpM]
#%$ﬀ&ŁDG&/>?$ﬀ2!6!2
<12
*,B8.?2
82K="&6+1(>0$ﬀ+F=8:,8&).A+F=O&/<-<
=?@ﬀ+1>?&)6R4Y2,.%>0$ﬀ&6!&)I,&/<-2,8DJ&)(K>%2,46!+F=">?.0+1;ﬀ@ﬀ>?&)6:,8ﬀ8ﬀ<-+-X):\>?+-2,(=/]
i('>?$&^8:5.?>?+FXM@ﬀ<F:5.hX):,=?&^2546!&/89&/(6ﬀ:5;ﬀ<-&6!+F=C>0.?+-;ﬀ@!>0&)6W:,8ﬀ8ﬀ<-+QU
X):\>?+-2,(=/o:S6!&)=?+-*,(k8ﬀ$:
="&H$:,=^;9&/&)(+-6!&)(K>?+1[&)6kOﬂ$ﬀ&).?&H>?$ﬀ&
6!&)8&)(6ﬀ:,;ﬀ+1<-+1>CBP:5(6J6ﬀ+-=">?.0+1;@!>?+-2,(EXM2
(=">?.c:5+-(
>c=:5.0&%;ﬀ@ﬀ+-<Q>T:
XsU
X/2,.c6!+1(*q>02G>?$ﬀ&õÌhÌÃyÇbÆÓÊBÄÔÂÇüÔÌÒÆvãÄãÔ<ÆvÌbÊ3XM2
(XM&)8!>)]
#%$ﬀ&wT2N2,.c6!+-(:\>0&)6G>?2
DG+-XPmzwpL:,XM>?+-2,(EDG2!6!&/<}Q/8ﬀ.025U
IN+F6!&)=P=C>0.?@XM>?@ﬀ.0+-(ﬀ*W8ﬀ.0+1DG+1>?+-I,&)=P:5(6="@ﬀ882
.">4Y2
.q&).?.02,.^.0&MU
X/2\I,&/.0BW+-(6!&)=?+1*
(ﬀ+-(ﬀ*l=?BN=">?&)DE=XM2
DJ892
=?&)62,4ﬂ=?&/I
&/.c:5<`X/2,(!U
X/@ﬀ.?.0&/(K>G+1(K>0&/.c:,Xs>0+1(*3&)(
>0+Q>0+1&=/]#%$ﬀ&'DG2N6ﬀ&/<h6!+F=C>0+1(*,@ﬀ+F="$&)=
;9&M>CO&/&)(tXM2N2,89&/.c:\>0+1I
&SXM2,(XM@ﬀ.0.?&)(XMB
o%Oﬂ$ﬀ+-Xc$Ł+-=R&Mv!8ﬀ.0&)=0="&6
@=?+-(ﬀ*eãÌÊ@Ð­ÂÃËÄÔYÆvÌÊ>Ë'} |\zo:5(6XM2
DJ89&M>0+Q>0+1I
&_X/2,(X/@ﬀ.?.0&/(XMB,o
Oﬂ$ﬀ+FXc$W+F=&/vN8.?&=?=?&)6'@=?+1(*:Ô<ÃÄÊ>ËÄSã"ÔYÆvÌÊËP} 5z]#%$ﬀ&Jw:
XsU
>0+12
(tDG2N6ﬀ&/<DE:,,&)=R+Q>'82K=?=?+-;ﬀ<1&l>?2g6!&)=?+1*
(t="89&)X/+Q[9XW4:5@<Q>
>02,<-&/.c:5(X/&TDG&)Xc$:5(ﬀ+F="DE=r>?2^X/2\I,&/.;925>?$G$:,.06ﬀO:,.?&:5(6J="2,4>"U
O%:5.0&4:,@ﬀ<1>0=)]
#%$ﬀ&76!&)=?+1*
(R8ﬀ$:,=?&2,4r6!&/89&/(6ﬀ:5;ﬀ<-&76!+-=">?.0+-;ﬀ@!>?&6_:,8ﬀ8ﬀ<-+-X):\U
>0+12
(=E@=?+1(*k>?$ﬀ&w:,Xs>0+12
(XM2,(XM&/8ﬀ>H+-=H:
=G4Y2,<-<-2\Oh=/m"p
:H=?&M>254+1(ﬀ4Y2,.0DG:,<r:,8ﬀ8ﬀ<-+-X):\>?+-2,(.0&)K@ﬀ+-.?&)DG&/(K>0=ﬂ+F==C>c:\>?&69+Q>
+-(XM<-@6!&=I:,<1+F6ﬀ:5>?+-2,(R2
;!aC&)XM>?+-I,&=T&/v!8ﬀ.?&=?=?&)6H;KBH:J=?&M>ﬂ254r6ﬀ&MU
=?+1.0&)6J8ﬀ.02,89&/.?>?+-&)=)mz|,p:,(E+1(+Q>0+-:,<ZwﬂxU"xeLy{,|="89&)X/+Q[X):\>0+12
(
+F=q;@ﬀ+1<1>)+1>P*,+-I,&=q:lDJ2!6!&)<%254ﬂ>?$&':,8ﬀ8ﬀ<-+-X):\>?+-2,(boOﬂ$+-Xc$+F=
:,;=C>0.0:
Xs>&/(ﬀ2
@ﬀ*,$q>?27;&ﬂ:
=r+-(6!&)8&)(6!&)(
>L:
=82K=?=?+1;<1&2549+1DJU
8ﬀ<-&/DG&)(
>c:\>0+12
(JX/2,(=">?.c:5+-(K>0=)mKpr:.0&M[(&/DG&/(K>254>?$ﬀ&ﬂ+-(ﬀ+1>?+F:5<
=?8&XM+1[X/:5>?+-2,(3+-=7.0&):,<1+F="&6b+1>^8ﬀ.02\IK+F6!&=^wﬂxU"xeLy7{5|E=?89&)XM+1U
[X/:5>?+-2,(=R2547>?$&w:
Xs>?+-2,(6!&="+-*,(2,47>?$ﬀ&l:,8ﬀ8ﬀ<-+-X):\>0+12
(
mY~Npﬂ[(:5<-<1B
o>0$ﬀ&G
:I\:E+-DG8ﬀ<1&)DG&/(K>0:5>?+-2,(l+F=6!&/.0+1I
&)6]7`I
&/.0B
="89&)X/+Q[9X/:\>0+12
(o,:
=rO&/<-<!:,=>0$ﬀ&ﬂ
:I\:h8.?2
*,.c:5DoI:,<1+F6ﬀ:5>?&)=r>0$ﬀ&
+1(+Q>0+-:,<.?&K@ﬀ+1.0&/DG&)(
>c=ﬂ:5(6R>?$&6!&)=?+1.0&)6_8ﬀ.02,89&/.?>?+-&)=)]
#%$&j=">?.0@Xs>0@ﬀ.0&2,4S>?$ﬀ+F=8:,8&).A+F=:,=A4Y2,<-<12\Oh=)]
u
&)XMU
>?+-2,(3|H6!&)=0XM.0+1;9&)=ﬂ>?$ﬀ&q4Y2,.0DG:,<r6!&)I,&)<12
8ﬀDG&/(K>DG&M>0$ﬀ2!6!2,<-2,*
B,o
8ﬀ.0&)=?&/(K>0=`>?$ﬀ&4Y2,.0DG:,<=?8&XM+1[X/:5>?+-2,(H<F:5(*,@:,*,&wﬂxU"xeLy{,|!o
:5(6&Mv!8ﬀ<F:5+-(=>0$ﬀ&w:,XM>?+-2,(X/2,(X/&/8!>]
u
&Xs>0+12
(S+-<1<-@="U
>?.c:\>0&)=7>0$ﬀ&R8ﬀ.02,892
=?&)6l4Y2,.0DE:5<6!&/I
&/<-2,8ﬀDG&/(K>DG&M>0$ﬀ2!6!2,<-2,*
B
:5(6_>0$ﬀ&q6!&="+-*,('8ﬀ$:
="&^@=?+-(ﬀ*J>?$ﬀ&Jw:
Xs>0+12
(X/2,(X/&/8!>h:,8!U
8ﬀ<-+1&6>?2':EI,&).?B'="+-DG8ﬀ<1&P&Mvﬀ:5DG8ﬀ<-&,]
u
&)Xs>0+12
(S~H8ﬀ.0&)=?&/(K>c=h.0&MU
<-:5>?&6_O2,.0Z]
 % ¡¢£L¢r¤
`¥¦
¢r
¼§
¢
¼ﬀ¨hﬂﬁh
¤
`©ª
#%$&RDG&M>0$ﬀ2!6!2,<-2,*
Bl8ﬀ.02,892
=?&)6k+-(>?$+-=q8:589&/.J:,6ﬀ6!.0&)=0=?&)=
>?$ﬀ.0&/&%XM<F:,=0=?+-X):5<,8$:,=?&)=r254!>0$ﬀ&6ﬀ&/I,&)<12
8ﬀDG&/(K>r8.?2!XM&=?=r2546ﬀ+-="U
>?.0+1;@!>?&6g:,8ﬀ8ﬀ<-+-X):\>0+12
(=/_>?$&ÄÊBÄbÛ~Ú­ËÆ²ËW8ﬀ$:,=?&,oL>?$ﬀ&ÇSÂËÆ¢ÑÊ
8ﬀ$:
="&
oﬀ:5(6_>?$&åÆÓÒÅRÛÜÂ"ÒåÂÊÔÄÔYÆvÌÊl8$:,=?&,]
h4>?&).^>?$ﬀ&E:,(:5<-B!="+F=8ﬀ$:,=?&,o+-(!4Y2
.?DE:5<.0&)K@ﬀ+-.0&/DG&/(K>0=7:,.?&
6!&M>0&/.0DG+1(ﬀ&6]%#%$ﬀ&q6!&="+-*,(8ﬀ$:
="&X/2,(=?+F=C>c=ﬂ254>?$ﬀ&P=C>0&/8NOﬂ+-=?&
.?&/[(ﬀ&)DJ&)(K>h254wﬂxU"xeLy{,|q=?89&)XM+1[X):\>?+-2,(=/]#%$ﬀ&DG&M>0$ﬀ2!6NU
2,<-2,*
B:
6!I,2!X):\>?&=E4Y2
.R>0$ﬀ+-='8ﬀ$:,=?&S>?$&_aC2
+1(K>@=?&l254SwﬂxU
xeLy7{5|=?8&XM+1[X/:5>?+-2,(=3:5(6«S4Y2
.?DP@ﬀ<-:,&,]¬#%$ﬀ&A;&/U
$:IN+12
@ﬀ.2,4!:="B!=">?&/Dj+F=r=?8&XM+1[&)67;NBDG&):5(=254wﬂxUCxeTy{5|
="89&)X/+Q[9X/:\>0+12
(=)]
u
@Xc$="89&)X/+Q[X):\>0+12
(=^8ﬀ.02\IN+-6!&H:DG2!6!&)<L254
>?$ﬀ&k=?BN=">?&)Do:5(6+-DG8ﬀ<-+-X/+Q>0<1Bt6!&/[(ﬀ&:=?&M>_2,48ﬀ.02,89&/.?>?+-&)=
XM2
.?.0&)=?82
(6!+-(ﬀ*G>?2H>?$ﬀ&P;&)$:IN+12
@ﬀ.6!&/[(ﬀ&)6S;KB_>?$&P=?8&XM+1[ﬀU
X/:5>?+-2,(]f­@.?+-(ﬀ*:.?&/[(ﬀ&)DJ&)(K>L=C>0&/8G+Q>`+F=(ﬀ2,>L:5<-O:B!=r(ﬀ&)X/&)="U
=?:,.?B_>?2_8ﬀ.0&)=?&/.0I,&^>0$ﬀ&qOﬂ$ﬀ2
<1&P;&)$:IN+12
@ﬀ.8.?2
82K="&6;KB'>0$ﬀ&
="89&)X/+Q[9X/:\>0+12
(]G#%$ﬀ&/.0&M4Y2
.?&
o&)=0="&)(
>0+-:,<f8ﬀ.?2
8&).">0+1&=&Mv!8&Xs>0&)6
;NB3>0$ﬀ&R=?B!=C>0&/D®:5.0&E&Mv!8ﬀ<-+-X/+Q>0<1Bk&/vN8.?&=?=?&)6;NBkDJ&:5(=q254h:
="&/>h254`l4Y2,.0Dq@ﬀ<F:5&
oﬀX/:5<-<-&)6EãÌÊÔYÃyÄSã"Ôz]TX/2,(K>?.c:,XM>ﬂ6ﬀ2K&=
ÊBÌbÔ.?&/¯&)XM>b>0$ﬀ&LOﬂ$ﬀ2
<1&T;&)$:IN+12
@ﬀ.b2,4!>?$ﬀ&="B!=">?&)D'o\+1>r.0&M¯&)Xs>c=
2,(ﬀ<-BJ>?$ﬀ&;&)$:IN+12
@ﬀ.`8:,.">T>?$:5>TDP@=C>;&8ﬀ.0&)=?&/.0I,&)6G6!@.?+-(ﬀ*
:5<-<`="@;="&K@ﬀ&/(K>^.?&/[(ﬀ&)DJ&)(K>7=">?&)8=/]G.0&M[(ﬀ&)DG&/(K>+F=>?$&/(
6!&M[(ﬀ&)6:,=>0$ﬀ&^.0&/8ﬀ<F:,X/&/DG&/(K>%254:5(:5;=">?.c:,XM>%=?8&XM+1[X/:5>?+-2,(
;NBH:qDG2,.0&X/2,(X/.?&/>?&2,(ﬀ&
o!Oﬂ$ﬀ+-Xc$_.?&="89&)XM>0=L>?$ﬀ&^X/2,(K>?.c:,XM>T254
>?$ﬀ&_:5;=">?.c:,XM>^=?89&)XM+1[X):\>?+-2,(bor:5(6l>c:5
&)=^+-(K>?2W:,X)XM2,@(
>+-DJU
8ﬀ<-&/DG&/(K>0:5>?+-2,(WXM2
(=">?.c:5+-(
>c=/]
°+-(:5<-<-B,o>?$ﬀ&T+1DG8ﬀ<-&/DG&)(
>c:\>0+12
(^8ﬀ$:,=?&`+F=>0.?&:\>0&)6+1(P:h="+-DJU
+1<F:5.O:BR:
=%>?$&6!&)=?+1*
(8ﬀ$:,=?&,]>h>?$&&/(6'2,4r>0$ﬀ&q6!&="+-*,(
8ﬀ$:
="&
o:RXM2
(XM.0&M>0&GwﬂxU"xeLy7{5|E=?8&XM+1[X/:5>?+-2,(S+F=.?&:,Xc$ﬀ&6o
+Q>+-=T+-DJ8<1&)DJ&)(K>?&)6oK:,(6G>?$&2,;ﬀ>0:5+-(ﬀ&6G8ﬀ.?2
*,.c:5D«+F=XM2,(="+F6NU
&/.0&)6>02S;&_:SXM2
.?.0&)XM>+1DG8ﬀ<-&/DG&/(K>c:\>?+-2,(+14h+1>P=?:5>?+F=C[&)=7>0$ﬀ&
XM2
(
>0.0:
Xs>ﬂ254r>?$ﬀ&^DG2K=C>X/2,(X/.?&/>?&7="89&)X/+Q[X):\>0+12
(]
°+-*,@ﬀ.0&="$ﬀ2\Oh=>?$ﬀ&>?$ﬀ.0&/&8ﬀ$:,=?&)=)]`x(E>?$ﬀ&;:,=?+F=`254Z>0$ﬀ&
+1(ﬀ4Y2,.0DG:,<.0&)K@ﬀ+-.0&/DG&/(K>0=)o
:,(R:5;=C>0.0:
Xs>%wﬂxU"xeLy7{5|7=?8&XM+1[ﬀU
X/:5>?+-2,(
u
89&)X/±L+F=b6!&)IK+F=?&)6]riV>0=bX/2,(K>?.c:,XM>wT2,(K>?.c:,XM>
±
4Y2
.?DE:,<1<-B
&Mv!8ﬀ.0&)=0="&=>?$ﬀ&E.0&)K@ﬀ+-.?&)DG&/(K>0=)]E­@ﬀ.0+-(ﬀ*'>?$ﬀ&H6!&="+-*,(8ﬀ$:
="&
o
="&)I,&).0:,<.0&M[(ﬀ&)DG&/(K>=">?&)8=':5.0&l89&/.?4Y2,.0DJ&6o<-&):
6!+-(ﬀ*>02A:
XM2
(XM.0&M>0&WwﬂxU"xeLy7{5|W=?8&XM+1[X/:5>?+-2,(
u
89&)X/²A:5(6A+1>0=GXM2
(!U
>?.c:,XM>7wT2,(K>?.c:,XM>
²
]ﬂ#%$ﬀ&q+-DG8ﬀ<-&/DG&/(K>0:5>?+-2,(W8ﬀ$:,=?&7>?$ﬀ&)(S8ﬀ.025U
IN+-6!&=>?$ﬀ&^8.?2
*,.c:5De`.02,*
.0:,D³:,(6R+1>0=XM2,(K>0.0:
Xs>wT2,(K>?.c:,XM>/]
´.?&/[(ﬀ&/DG&)(
>G=C>0&/8+F=JXM2,.0.0&)Xs>P+Q4h>0$ﬀ&_X/2,(X/.?&/>?&'XM2,(K>0.0:
Xs>0=
X/2,(K>0:,+1(_>?$ﬀ&:,;=">?.c:,Xs>ﬂXM2
(K>?.c:,Xs>c=/]
Informal Requirements
Contract 1
Contract0
Contract0 Contract 1 Correct
Correct
Correct
Spec
Spec
Spec Contract
Program ContractImplementation Based on Contracts
Implementation
Refinement Based on Contracts
Design
Analysis
0
1
n n
Contract
Contract Contract
Contract
n-1
n
n
µﬀ¶¸·¹ﬀºz»¼½^¾h»,¿,»NÀ¸ÁÂÃR»NÄNÅGÆS»,ÅMÇNÁZÈﬀÁ9À¸Áﬀ·ﬀÉ
i('>?$ﬀ&X):,=?&2,4f6!&)8&)(6ﬀ:,;ﬀ<1&6ﬀ+-=">?.0+1;@!>?&6'=?B!=C>0&/DE=)oﬀ:J6ﬀ&MU
=?+1*
(8ﬀ$:,=?&_Oﬂ+1>?$8:,.">0+-X/@ﬀ<-:,.P.0&M[(ﬀ&/DG&/(K>H=">?&/8=P$:,=G;9&/&/(
+F6!&/(K>0+Q[&6]_(öÆÓÊÆÓÔYÆvÄÛh=?8&XM+1[X/:5>?+-2,(k8ﬀ.02\IN+-6!&=7:WXM&/(K>0.0:,<QU
+-d/&6R=?BN=">?&)D>?$:5>ﬂ+-=%:,=TDq@Xc$':
=L892
=0="+-;ﬀ<-&+-(6!&)8&)(6!&)(
>ﬂ2,4
+-DG8ﬀ<1&)DG&/(K>0:5>?+-2,(tXM2
(=">?.c:5+-(
>c=/]j#%$ﬀ&lX/2,.0.?&="892,(6ﬀ+1(ﬀ*X/2,(!U
>0.0:
Xs>^&Mv!8ﬀ.0&)=0="&=>?$ﬀ&E.0&)K@ﬀ&=C>0&)6W4Y@(Xs>0+12
(:5<-+Q>CB3254T>?$ﬀ&H=?B!=CU
>0&/D]ﬂïËÂãÌbÊBÇ=?8&XM+1[X/:5>?+-2,(oOﬂ$ﬀ+-Xc$W+-(K>?&)*,.c:\>?&=h6!&)8&)(6NU
:,;ﬀ+1<-+1>CB7:,(66!+F=">?.0+1;ﬀ@ﬀ>?+-IK+1>CB^XM2
(=C>0.0:,+1(K>c=/o+-=b>?$&/(q;@ﬀ+1<1>)]f#%$ﬀ&
wÊ:,Xs>0+12
(SXM2
(XM&)8!>+F=@=?&)6W>?2R6!&)IN+-=?&>0$ﬀ+-=="89&)X/+Q[9X/:\>0+12
(]
i(6ﬀ&/&)6oﬀw:,XM>?+-2,(=L8ﬀ.?2\IN+F6!&h;ﬀ@+1<1>"UV+1(R4Y&):5>?@ﬀ.0&)=L>?2J:,Xc$ﬀ+-&/I
&
4:,@ﬀ<Q>ﬂ>02,<-&/.c:5(X/&,]#%$ﬀ&).?&/4Y2,.0&,oN>?$&6!&)=?+1*
(':,(6_>?$ﬀ&^I
&/.0+Q[9X/:\U
>0+12
(2546!&)8&)(6ﬀ:5;<1&'="B!=">?&/DE=q;&XM2,DG&H&:,=?+1&).)]S#%$&:ÔÓÁfÆÓÃyÇ
:,(6R<F:,=">h=C>0&/8+F=ﬂ8ﬀ.02\IK+F6!&6H;NBE>?$&
:I\:J+1DG8ﬀ<-&/DG&)(
>c:\>0+12
(]
#%$ﬀ&W.0&)=">H254>?$ﬀ+F=R=?&)XM>?+-2,(;ﬀ.0+1&/¯BA6!&/[(ﬀ&='wﬂxU"xeLy{,|
=?8&XM+1[X/:5>?+-2,(=)oS4Y2,.0Dq@ﬀ<F:5&
o:5(6R>0$ﬀ&Jw:
Xs>?+-2,(WX/2,(!U
X/&/8!>]
 %? ËÌÍ
ÌÎ3Ï«Ðf 
wﬂxUCxeTy{,|+-=f:5(q2,;!aC&Xs>"UV2,.0+-&/(K>?&674Y2,.0DE:5<N="89&)X/+Q[X):\>0+12
(
<F:5(ﬀ*
@:5*
&} ~,Z>?$:5>T+-(
>0&/*
.0:5>?&)=ef&M>0.?+(ﬀ&M>c=@="&6G>?2G6!&=?X/.?+-;&
X/2,(X/@ﬀ.?.0&/(K>;9&/$:IN+-2,@ﬀ.c=:,(6:5<-*,&);ﬀ.c:5+FXJ=?89&)XM+1[X):\>?+-2,(=R}¸Ñ
2,4=C>0.?@Xs>?@.?&66ﬀ:5>0:&/I
2,<-IK+-(ﬀ*3+1(ef&M>0.?+(ﬀ&M>c=/]gh(g2,;!aC&Xs>
+F=ﬂXM2
(="+F6!&).?&6E>?2G;9&:5(_+1(6ﬀ&/89&/(6!&)(K>&/(K>?+1>CBRX/2,DG82K="&6H2,4
:,(+1(K>?&).?(:5<L=">0:5>?&HOﬂ$ﬀ+FXc$8ﬀ.02\IN+-6!&==?2,DG&R=?&/.0IK+FXM&=7>?2S>?$ﬀ&
&/vK>0&/.0+12
.)]k#%$ﬀ&'2,(ﬀ<-BO%:Bl>023+-(K>?&/.c:,XM>POﬂ+1>?$:5(A2,;!aC&Xs>P+F=
>02R+-(KI
2,
&q2,(&q254T+Q>c==?&/.0IN+-X/&)=)9>?$ﬀ&J+1(K>0&/.0(:5<=">0:\>0&q+F=>?$N@=
8ﬀ.025>0&)XM>?&)6:,*
:,+1(=">R@ﬀ(XM2,(K>0.?2
<1<-&)6:
X/XM&=?=?&)=)]ÊwﬂxU"xeLy{,|
6!&/[(ﬀ&=P:,(2,;!aC&Xs>J:
=q:,(&/(X):58=?@ﬀ<F:\>0&)6:5<-*,&);ﬀ.c:5+FXE(ﬀ&M>J+1(
Oﬂ$ﬀ+FXc$q8<-:
XM&)=fX/2,DG82K="&L>?$ﬀ&%+-(K>?&/.0(:,<N=">0:5>?&%:5(6>?.c:5(=?+1>?+-2,(=
DG2!6!&/<>?$&3XM2
(XM@.?.0&/(K>H&/I
&/(K>0=R254^>0$ﬀ&l2
;!aC&)XM>)]Ò8ﬀ<F:,XM&
X/2,(=?+-=">0=72,4h:Dq@ﬀ<1>?+F="&/>254h:5<-*,&);ﬀ.c:5+FXqI\:5<-@ﬀ&=/]'#b.c:5(=?+1>?+-2,(=
:,.?&%6!+-IK+F6!&6P+-(K>?2>CO2*
.?2
@ﬀ8=)8:,.0:,DJ&/>?&).?+F="&6^>0.0:,(="+1>?+-2,(=/o
:,<-=?2HN(ﬀ2\Oﬂ(l:
=DG&M>0$ﬀ2!6ﬀ=)o:5(6W+-(K>?&).?(:,<b>0.0:,(=?+Q>0+12
(=/]7#%$ﬀ&
4Y2
.?DG&/.hX/2,.0.?&="892,(6E>?2G>0$ﬀ&=?&/.0IK+FXM&=%8ﬀ.02\IK+F6!&6E>?2G>0$ﬀ&2
@!>"U
=?+-6ﬀ&,oKOﬂ$ﬀ+1<-&ﬂ>0$ﬀ&h<F:\>">0&/.6!&)=0XM.0+1;9&ﬂ>0$ﬀ&+-(K>?&/.0(:,<ﬀ;&)$:IN+12
@ﬀ.`2,4
:,(_2
;!aC&)XM>)]`Óh(<1+-,&^DG&M>0$ﬀ2!6ﬀ=)oﬀ+1(K>0&/.0(:5<Z>0.0:,(="+1>?+-2,(=ﬂ:5.0&+-(!U
IN+-=?+1;<1&ﬂ>02^>?$&&MvN>0&/.0+12
.`OT2
.?<F6G:5(6E=?892,(K>0:,(ﬀ&/2
@=hm>0$ﬀ&/BE:,.?&
[.0&)6W:,=="2N2
(S:,=%>0$ﬀ&/+-.8.?&/UVX/2,(6!+1>?+-2,(=h:5.0&=?:5>?+F=C[&)6pM]hh(
2,;!aC&Xs>7DG&M>?$2N6X/:,(l2
(ﬀ<1B;9&J[.?&6S+14L(ﬀ2_4Y@ﬀ.?>?$ﬀ&).+-(K>?&).?(:,<
>?.c:5(=?+1>?+-2,(AX):5(]gÔXM<F:,=0=P6ﬀ&)=0XM.0+1;9&)=E:,<1<>?$&X/2,DG892,(ﬀ&)(
>c=
254:=?&M>E2542
;!aC&)XM>0=G:5(6+F=JX/2,(=?+F6!&/.0&)6k>023;9&W:5(A2,;!aC&Xs>
>?&)DJ8<-:5>?&,]W#%$N@=)o:,<1<L>?$ﬀ&R2,;!aC&Xs>0=q254%2,(ﬀ&_XM<F:,=0=^$:I,&J>0$ﬀ&
=?:,DG&R=C>0.?@Xs>?@.?&
]Wx;!aC&Xs>c=qX/:,(;&_6!BN(:5DG+FX/:5<-<-B3XM.0&):5>?&6]
x;!aC&)XM>0=^:,.?&G:5<F="2X/:,<1<-&)63XM<F:,=0=+1(=">0:,(XM&=/]GL:
Xc$3X/<-:
=?=+-(!U
=C>c:5(X/&R$:
=P:,(+F6!&/(K>?+1>CB,oOﬂ$+-Xc$+F=J:5<F="2lX):5<-<1&6:5(2,;!aC&Xs>
+-6ﬀ&/(K>?+1[&/.o!>0$:\>X):5(';&^@=?&)6':,=ﬂ:G.0&M4Y&).?&)(XM&
]
Õ$&/(:,(«2,;!aC&Xs>l.0&)K@ﬀ+-.0&)=S:="&).?IN+FXM&,o^+1>:
="!=S>?2t;9&
="BN(Xc$.?2
(ﬀ+-=?&)6Oﬂ+Q>0$>0$ﬀ&DJ&/>?$ﬀ2!6jmY8:,.0:,DG&M>?&).?+F=?&)6k>0.0:,(="+1U
>?+-2,(ph254>0$ﬀ&q2
;!aC&)XM>8ﬀ.02\IK+F6!&).)]ﬂ#%$ﬀ&J="BN(Xc$ﬀ.02,(+-=0:\>0+12
(_892,<1U
+-X/BR+F=ﬂ&Mv!8ﬀ.0&)=0=?&)6_;KB_DG&):5(=%254:E="BN(Xc$ﬀ.02,(+-=0:\>0+12
(R&Mv!8ﬀ.0&)="U
="+-2,(boOﬂ$ﬀ+FXc$WX/:5(+-(NI,2,<-I,&7DE:5(NB_8:5.?>?(ﬀ&).0=aC2,+-(ﬀ&)6;NBH>0$ﬀ.0&/&
="BN(Xc$.?2
(ﬀ+-=0:\>0+12
(A2
8&).0:5>?2
.0=mY2
(ﬀ&4Y2,._="+-Dq@ﬀ<1>0:,(ﬀ&/+1>CBmVÖNÖ
pMo
2,(ﬀ&q4Y2,.7="&K@ﬀ&/(X/&'m5×N×CpMo:5(6W2
(ﬀ&4Y2
.:,<Q>0&/.0(:\>0+1I
&q2
.(ﬀ2
(!U
6!&M>0&/.0DG+1(ﬀ+F=?DØmÙ!p"pM]q°ﬀ2
.7+1(=">0:,(XM&
o:5(32,;!aC&Xs>^DE:B=?+-Dq@ﬀ<1U
>0:,(ﬀ&/2
@="<-Bq.0&)K@ﬀ&=C>>CO26!+1Ú9&).?&)(K>T="&).?IN+FXM&=f254Z>COT26ﬀ+QÚZ&/.0&/(K>
8:5.?>?(&/.c=/o)4Y2,<-<12\O&)67;NB^:h=?&/.0IN+-X/&`.?&K@ﬀ&)=">>?2:%>?$+1.c6^2,;ﬀaC&)Xs>]
wﬂxU"xeLy7{5|="89&)X/+Q[X):\>0+12
(=:5.0&3*
.0:,8ﬀ$ﬀ+FX/:5<-<-B(ﬀ25>0&)6+1(
>?$ﬀ&T4Y2,<-<-2\Oﬂ+1(ﬀ*DE:5(ﬀ(ﬀ&).):7wﬂxUCxeTy{,|ﬂXM<F:,=0=+F=r6ﬀ&/8ﬀ+FXs>0&)6q:
=
:E.0&)Xs>c:5(ﬀ*
<1&qOﬂ+Q>0$l:HXM+-.cXM<-&^4Y2,.&):,Xc$W8<-:
XM&+-(=?+-6!&
o9:HOﬂ$ﬀ+Q>0&
.?&Xs>c:5(ﬀ*
<1&4Y2,.&):,Xc$E+-(K>?&).?(:,<>0.0:,(=?+Q>0+12
(oK:,(6oN2,(R+Q>c==?+F6!&)=)o
:7;ﬀ<F:,Xcq.0&)XM>0:,(ﬀ*,<-&4Y2,.&):
Xc$GDJ&/>?$ﬀ2!6]r:5;9&/<-<1&6J:,.?.02\Oh=;&/U
>COT&)&/(E8ﬀ<F:,X/&)=`:,(6J+1(K>0&/.0(:5<!>0.0:,(=?+Q>0+12
(=2,.L;&/>COT&)&/(G8ﬀ<F:,XM&=
:5(6GDG&/>?$ﬀ2!6ﬀ=T*,+-I,&%>0$ﬀ&h¯2\Og.0&/<F:\>?+-2,(=hmYOﬂ$:5>T+F=LX/2,(=?@ﬀDG&)6
:5(6Oﬂ$:\>+F=:
6ﬀ6!&6'>?2_:G8<-:
XM&Oﬂ$ﬀ&)(l:5(W+-(K>?&).?(:,<>0.0:,(="+1U
>?+-2,(2,.h:JDG&M>0$ﬀ2!6'+-=[.0&)6ps]
 %n % Û¢b¢
»_»
ª
Í
§¬ 
¤?h¢
½ÜL©L ¿
Sk4Y2
.?DP@ﬀ<-:,&:5.0&7&Mv!8ﬀ.0&)=0="&6R2
(3wﬂxUCxeTy{5|P=?8&XM+1[ﬀU
X/:5>?+-2,(=)]h(S34Y2,.0Dq@<-:P+-=ﬂ:J=?&)K@ﬀ&/(XM&GmY2,.h:JXM2
(\aC@ﬀ(XMU
>?+-2,(jmnÝpsoL2,.P:,(:5<1>?&).?(:\>?+-I,&3mzÞ7p"pq254h2
;=?&/.0I:,;ﬀ<-&H&/I
&/(K>0=)]
u
@Xc$:5(A&/I,&)(K>J+F=J&/+1>?$ﬀ&).G>?$ﬀ&'[.0+1(*32,4:3=?+-(ﬀ*,<-&_DG&/>?$ﬀ2!6
254f:GwﬂxU"xeLy7{5|72
;!aC&)XM>)o!2,.>0$ﬀ&78:5.c:5<-<1&)<[.?+-(ﬀ*J254=?&/I
&/.c:5<
DG&M>?$2N6=/]h(_SS4Y2,.0Dq@ﬀ<F:7+-=T=?:5>?+F=C[&)6G;NBq>0$ﬀ&hDG2!6!&/<9254
:qwﬂxUCxeTy{,|=?8&XM+1[X/:5>?+-2,(J+Q4Z>0$ﬀ&h="&K@ﬀ&/(X/&ﬂ254Z&/I
&/(K>0=6!&/U
[(ﬀ&6H;NBG>?$ﬀ&4Y2,.0Dq@<-:X/2,.0.?&="892,(6J>?2G:892
=0="+-;ﬀ<-&=?&)K@ﬀ&/(XM&
254f&/I
&/(K>0=%2,4b>?$&^DJ2!6!&)<254r>?$ﬀ&=?89&)XM+1[X):\>?+-2,(b]
 %nß% ¡¢
¥
¢b
ﬁ¾0¹
¤C¢¡¢
»N "©
à
Ë
%½ﬁ 

¾0¼
¢
ﬁ ¸ë¼!L¦ ¿ö¸ö¿B¼ﬀ C

»
#%$&3wÔ:,Xs>0+12
(j}15oLá\XM2
(XM&)8!>EO:
=G+1(K>?.02!6!@X/&)6g:,=E:
@ﬀ(ﬀ+1[&)6â:,8ﬀ8ﬀ.02
:,Xc$Ł4Y2,.S=">?.0@Xs>0@ﬀ.0+1(ﬀ*X/2,DG8ﬀ<-&MvX/2,(X/@ﬀ.?.0&/(K>
:,XM>?+-IK+1>?+-&)=%:,(6_=?@ﬀ8ﬀ892,.?>?+-(ﬀ*P&/.0.?2
.T.0&)X/2\I,&/.0BJ254bDP@ﬀ<Q>0+18<1&7+-(!U
>?&).0:
Xs>?+-(ﬀ*k2,;ﬀaC&)Xs>c=E+-(:,(2,;!aC&Xs>"UV2,.0+-&/(K>?&6A=?B!=C>0&/D]Ł#%$ﬀ+F=
8:5.c:,6ﬀ+1*
D8ﬀ.?2\IN+F6!&)=%:JXM2
(XM&)8!>?@:,<Z4Y.0:,DG&/O2,.0P4Y2
.ﬂ6!&):,<1+-(ﬀ*
Oﬂ+Q>0$;2,>?$N+1(6=%254X/2,(X/@ﬀ.0.?&)(XMBWmX/2N2,89&/.c:\>?+-I,&7:5(6_X/2,DJU
8&/>?+1>?+-I,&p;KBq&MvN>?&)(6!+-(ﬀ*:5(6P+-(
>0&/*
.0:5>?+-(ﬀ*>CO27XM2,DG8ﬀ<-&/DG&)(!U
>0:,.?BWXM2
(XM&)8!>0=ãWXM2,(NI
&/.c=?:5>?+-2,(=} |`:,(6W>0.0:,(=?:
Xs>0+12
(=q} \V]
w:,Xs>0+12
(=$:I,&8.?2
8&).">0+1&=2,4L;2,>?$kXM2
(KI
&/.c=?:5>?+-2,(=:5(6
>0.0:,(=?:
Xs>0+12
(=/]GwT2,(NI,&).0=0:\>0+12
(=:,.?&J@=?&)6l>?2WXM2
(
>0.?2
<X/2N2,8!U
&).0:5>?+-I,&ﬂXM2
(XM@ﬀ.0.0&/(X/Bq:5(6J>02^+1DG8ﬀ<-&/DG&)(
>%XM2N2,.c6!+-(:\>0&)6J:5(6
6!+F=0XM+-8ﬀ<1+-(ﬀ&6&/.0.?2
..0&)XM2\I
&/.0BlOﬂ$ﬀ+-<-&H>?.c:5(=?:
Xs>?+-2,(=q:5.0&H@=?&)6
>02HDE:5+-(
>c:5+-(>?$ﬀ&JXM2
(="+F=">?&/(XMB'254L=?$:5.0&)6'.0&)=?2,@ﬀ.cXM&=ﬂ+1(S>?$ﬀ&
8ﬀ.0&)=?&/(XM&2544:5+-<1@ﬀ.0&)=ﬂ:,(6'XM2,DG89&M>0+Q>0+1I
&XM2,(XM@ﬀ.0.?&)(XMB
]
L:
Xc$«wä:,XM>?+-2,($:
=S:t=?&M>32,4E.?2
<1&=W>?$:\>3:,.?&:
Xs>0+QU
I\:\>0&)6A;NB:,XM>?+-2,(g8:5.?>?+FXM+-8:5(K>c=WmY&MvN>0&/.0(:5<ﬂ:,XM>?+-IN+Q>0+1&=H="@Xc$
:
=L>0$ﬀ.0&):,6=/o!8ﬀ.02!XM&=?=?&)=cpsoNOﬂ$ﬀ+FXc$'X/2N2,89&/.c:\>?&Oﬂ+1>?$ﬀ+-('>?$ﬀ&Pw
:
Xs>?+-2,(g=?X/2,89&,]b2,*
+-X):5<-<1B
oL:kwå:
Xs>?+-2,(g=C>c:5.?>0=JOﬂ$ﬀ&)(A:5<-<
.02,<-&)=$:I,&ﬂ;9&/&/(H:
Xs>0+1I\:\>0&)6E:,(6J[(ﬀ+F="$&)=`Oﬂ$&/(R:,<1<ﬀ2,4>?$ﬀ&)D
$:I
&^.?&:,Xc$ﬀ&6_>?$ﬀ&Ew«:,XM>?+-2,(W&/(6]ÊwÊ:,Xs>0+12
(SX/:,(W;&
X/2,DG8ﬀ<-&M>?&6&/+1>?$ﬀ&).hOﬂ$ﬀ&)(S(ﬀ2E&/.0.02,.ﬂ$:
=ﬂ;&)&/(l6ﬀ&M>?&Xs>0&)6oZ:\4U
>0&/.7="@X)XM&=?="4Y@ﬀ<.?&XM2\I,&).?B
o2
.Oﬂ$ﬀ&)(S>0$ﬀ&P.0&)X/2\I,&).?BR4:5+-<-=:5(6
:4:5+-<1@ﬀ.0&&MvﬀXM&)8!>?+-2,(_+-=8ﬀ.02,8:,*
:5>?&)6J>02q>0$ﬀ&^XM2
(
>c:5+-(ﬀ+-(ﬀ*Gw
:
Xs>?+-2,(kmzw:
Xs>0+12
(=ﬂX/:,(_;9&^(ﬀ&)=">?&6ps]
vN>?&).?(:5<Hm>0.0:,(=0:,Xs>0+12
(:5<p_2,;!aC&Xs>c=SX/:,(j;9&@=?&)6âX/2,(!U
X/@ﬀ.?.0&/(K>0<1B;NBt="&)I,&).0:,<7wæ:,XM>?+-2,(='+-(=?@Xc$:AO:Bg>0$:\>
+-(!4Y2,.0DE:\>0+12
(X):5(ﬀ(ﬀ2,>;&H=?Dq@*,*,<-&)6:5DG2
(ﬀ*'>?$ﬀ&="&'w:
XsU
>0+12
(=T:,(6E>0$:\>ﬂ:5(NBE=?&)K@ﬀ&/(XM&254b2
8&).0:5>?+-2,(=L2,(H>0$ﬀ&)=?&2,;!U
aC&Xs>0=J;ﬀ.c:,Xc
&M>0&)6k;NBk>?$ﬀ&=">0:5.?>E:5(6AXM2,DG8ﬀ<-&M>0+12
(254:kw
:
Xs>?+-2,(W$:,=>?$ﬀ&JwTiC­mn:\>02,DG+-X/+Q>CB
o9X/2,(=?+F=C>0&/(X/B,o9+-=?2,<F:\>0+12
(
:,(6_6ﬀ@ﬀ.0:,;ﬀ+-<1+1>CBﬀp8ﬀ.?2
8&).">0+1&=7} 5bOﬂ+Q>0$.?&="89&)XM>>02E25>0$ﬀ&/.h=?&MU
K@ﬀ&)(XM&=/]#b2R>?$ﬀ&P2,@!>c="+F6!&JOT2
.?<F6oﬀ>0$ﬀ&J&Mv!&)X/@!>?+-2,(S2,4L:'w
:
Xs>?+-2,(q<12N2,!=<-+1
&T:5(J:\>02,DG+-XL>?.c:5(=?:
Xs>?+-2,(b]x(ﬀ&O:B7254+1DJU
8ﬀ<-&/DG&)(
>0+1(*h>?$&)=?&T=?&/DE:5(K>?+FX/=b+-=b>?2@=?&T:h=?&/8:,.0:5>?&>0.0:,(=0:,XsU
>0+12
(:5<f="@8ﬀ82
.">DG&)Xc$:,(ﬀ+-=?D>?$:5>8ﬀ.02\IN+-6ﬀ&)=ﬂ>0$ﬀ&)=?&q8.?2
8&)."U
>0+1&=/]`#%$ﬀ+F=ﬂ=?@ﬀ8ﬀ892,.?>%DG&Xc$:5(ﬀ+F=?D´X/:,(_2,Ú9&).T>0$ﬀ&7>?.c:,6ﬀ+Q>0+12
(:5<
>0.0:,(=?:
Xs>0+12
(:5<9+1(K>0&/.?4:,XM&
o!+n] &,]2
8&).0:5>?+-2,(= ËÔÄÃÔ<áÄÙÌÃÔf:5(6
ãÌÒÒÆÓÔno9>?$:\>^:5.0&qX/:,<1<-&)6m&/+1>?$ﬀ&).;NB'>?$&Ew³:,XM>?+-2,(S=?@ﬀ8!U
892,.?>2,.;NBSwÊ:,XM>?+-2,(W8:,.">0+-X/+18:,(K>0=cpﬂ:\>>?$ﬀ&J:58ﬀ8ﬀ.02,8.?+F:\>0&
892,+-(K>0=ﬂ6!@ﬀ.0+-(ﬀ*J>?$ﬀ&Pw:
Xs>?+-2,('&Mv!&XM@!>0+12
(]
#%$ﬀ&%=C>c:\>?&%2,4:7w:
Xs>?+-2,(P+-=.0&/8ﬀ.0&)=?&/(K>0&)6;NB:="&/>2,4<-25U
X):5<92,;!aC&Xs>0=)N&):
Xc$_w:
Xs>?+-2,(_6!&):,<-=TOﬂ+Q>0$R>0$ﬀ&)=?&2
;!aC&)XM>0=L>?2
*
@:5.c:5(K>?&)&>0$ﬀ&/+-.=">0:5>?&^.0&)=">?2,.c:\>0+12
(R+14&/.0.?2
..0&)X/2\I,&).?BG+F=%>?2
;9&ﬂ8ﬀ.02\IK+F6!&6]rb2NX):5<!2
;!aC&)XM>0=:5.0&T>?$ﬀ&ﬂDE:5+-(GDG&):5(=4Y2,.8:,."U
>0+-X/+18:,(K>0=ﬂ>02H+-(
>0&/.c:,XM>:5(6'>02RXM2N2,.c6!+-(:\>0&7>?$ﬀ&)+1.&Mv!&)X/@!>?+-2,(
m&MvN>?&).?(:,<2,;!aC&Xs>c=ﬂX/:5(';9&^@="&6:,=%O&/<-<FpM]
#%$ﬀ&jwç:
Xs>0+12
(³DG&Xc$:5(ﬀ+F=?Dè:5<F=?28ﬀ.?2\IN+F6!&)=:«;:,=?+-X
4Y.c:5DG&/O2,.0'4Y2,.^&/v!X/&/8!>0+12
(k$:5(6ﬀ<1+-(ﬀ*orOﬂ$ﬀ+FXc$X):5(k="@ﬀ882
.">
:qI:,.?+-&M>CBJ254b4:5@ﬀ<1>T>02,<-&/.c:5(X/&hDG&)Xc$:,(ﬀ+F="DE=:5+-DJ&6H:\>T>?2
<1&)."U
:5>?+-(ﬀ*G;2,>?$$:5.c6!O%:5.0&:,(6="2,4>CO:,.?&4:5@ﬀ<1>0=^} éﬀob)êV]
ß%
¸
Ë
L¦³¥
¤C¢
¼
¢ë'ì
¾¦³¥
¤"¢
i(2,.c6!&).>?238ﬀ.0&)=?&/(K>q>0$ﬀ&_8.?2
82K="&6kDJ&/>?$ﬀ2!6!2
<12
*,Bk:5(6
>0$ﬀ&7wj:,XM>?+-2,(R6!&="+-*,(bo
O&X/2,(=?+F6!&/.L>?$ﬀ&4Y2,<-<12\Oﬂ+-(ﬀ*q=?+-DJ8<1&
&/v!:,DG8ﬀ<1&
WXM2,DG8ﬀ@ﬀ>?+-(ﬀ*>?$ﬀ&S=?@ﬀDØ2,4>0$ﬀ&+1(K>0&/*,&).0=G8.?&="&)(
>
+-(:WDq@<Q>0+-=?&M>]#%$&RXM2
DJ8@!>?+-(ﬀ*S2,4>0$ﬀ&_=?@ﬀDÒ4Y2,<-<12\Oh=^>?$ﬀ&
í
:,DJDE:8:,.0:
6!+1*
D´} îzf:7Xc$ﬀ&/DG+FX/:,<!.?&:,Xs>0+12
(P.0&/DG2\I
&)=r>COT2
I\:5<-@ﬀ&=4Y.02,D:7Dq@ﬀ<1>?+F="&/>)o!XM2
DG8ﬀ@!>?&=>0$ﬀ&/+-.T=?@ﬀD:5(6G+-(=?&/.?>0=
>0$ﬀ&^.?&="@<Q>ﬂ+-(
>02G>?$ﬀ&^DP@ﬀ<1>?+F="&/>)]`°+1*
@ﬀ.0&q|P=?$ﬀ2\Oh=%:GDq@<Q>0+-=?&M>
:,(6G:782K=?=?+1;<1&
í
:,DJDE:^X/2,DG8ﬀ@!>c:\>?+-2,(E:
Xc$ﬀ+1&)IN+1(ﬀ*7.0&)=?@ﬀ<1>Táﬀ]
25
8
1+2
2
1
3
32+3
3+5
Global Multiset
µﬀ¶¸·¹ºz»ðï½ ñÈÈ¶¸ÅM¶¸Á9ÄóòNô\ô\Á!ºzÈ¶QÄ!·õÅ0ÁöÅMÇN»ó÷òﬀÃÃRò
ÂNò
ºzòNÈ¶ø·Ã
ß%" Khù
½¦ ¾
¤qú¢bû
ﬃ ½
¢
¦
¢b
¼>»
Õ&+-(K>?&)(6J>?2q6ﬀ&/I,&)<12
8E:5(H:588ﬀ<1+FX/:5>?+-2,(E:5<-<-2\Oﬂ+1(ﬀ*=?&/I
&/.c:5<
@=?&/.c=>02+1(=?&/.?>7+1(K>?&)*,&).0=+-(
>02W:_6!+F=">?.0+1;ﬀ@ﬀ>?&)63Dq@<Q>0+-=?&M>q:
XsU
XM2
.06!+-(ﬀ*J>?2H>?$ﬀ&
í
:,DJDE:G8:,.0:
6!+-*,D]`Õ&qX/:,<1<b­+F=C>0.?+-;ﬀ@!>0&)6
í
:5DGDE:Wm­
uﬀí
:5DGDE:
ph="B!=">?&/Do>?$ﬀ&q=?B!=C>0&/DXM2,DG892
=?&)6'254
@=?&/.c=/o:6!+-=">?.0+-;ﬀ@!>?&6tDP@ﬀ<Q>0+-=?&M>W:5(6tXc$ﬀ&/DG+FX/:,<.0&):,XM>?+-2,(=)]
#%$ﬀ&ﬂ+-(!4Y2,.0DE:5<ﬀ.0&)K@ﬀ+-.?&)DG&/(K>0=f:5.0&ﬂ:,=f4Y2
<1<-2\Oh=)>?$ﬀ&h[.0=">8:5.?>
6!&)=0XM.0+-;&=>?$&T=?BN=">?&)D2
8&).0:5>?+-2,(=>?2h;9&L8ﬀ.02\IN+-6ﬀ&)6>?2@="&).0=)o
>?$ﬀ&^=?&)X/2,(6E8:5.?>%6!&=?X/.?+-;9&)=L>?$ﬀ&^6!&/>0:5+-<F=L2,4r6ﬀ:\>c:P:,(6H2,4b+-(!U
>?&).?(:,<`XM2
DJ8@!>0:5>?+-2,(=)o:5(6l>?$&P>0$ﬀ+-.0638:5.?>^6!&)=0XM.0+1;9&)=>0$ﬀ&
4:5@ﬀ<1>hDG2!6!&/<z]
üýþ)ß  
	!ßþ
â(&/Oj@="&).hX/:,(';9&:,66!&)6
>?27>0$ﬀ&h="B!=">?&)DÊ:\>L:,(NBDG2,DG&/(K>)
ﬀﬁ
@=?&/.`DE:Bq:
6ﬀ6J(ﬀ&/O
+1(K>0&/*,&).0=L>?2P>?$&=?B!=C>0&/D :\>ﬂ:5(NBGDG2,DG&/(K>%;&/>COT&)&/(_$ﬀ+-=s{$&/.
&/(K>?&).?+-(ﬀ*:,(6G&Mv!+1>`>?+-DG&,
ﬃﬂ
@=?&/.LDG:BJ&Mv!+1>`>?$&="B!=">?&)D
8ﬀ.02\IK+F6!&6A$&{\=?$ﬀ&W$:
=G&/(K>?&).?&6A>?$ﬀ&l=?B!=C>0&/D
ﬃ 
å@="&).
DE:BR="&)&>?$ﬀ&X/2,DG8ﬀ@!>0&)6'.?&="@<Q>h:\>:,(NBHDG2,DG&/(K>)]
üß!!ß "#%$'&Zß 
	(*),+- .%/01ﬁ2%	
354
#%$ﬀ&R+-(K>?&)*,&/.c=
8ﬀ@!>q+-(;NBl@=?&/.c=^:5.0&E=C>02,.0&)6+-(k:DP@ﬀ<1>?+F="&/>)
ﬃ6
#%$ﬀ&H:,8!U
8ﬀ<-+-X):\>?+-2,(_XM2,DG8ﬀ@ﬀ>?&)=L>?$&=?@ﬀD254b:5<-<9+1(K>?&)*,&).0=L8ﬀ@!>T+-(H;NBE:5<-<
@=?&/.c=/
ﬀ7ﬁ
#%$ﬀ&7="@ﬀD´+-=%X/:,<-X/@ﬀ<F:\>?&6H;NBHXc$ﬀ&)DJ+FX/:,<Z.?&:,Xs>0+12
(=
+1(:
X/X/2,.c6ﬀ:5(X/&>02>?$ﬀ&
í
:,DGDG:'8:,.0:
6!+-*,D
ﬀ8ﬁ
Xc$&/DJU
+-X):5<ﬂ.0&):
Xs>?+-2,(A.?&)DG2\I,&)=q>CO23+-(K>?&/*
&/.c=4Y.02,D¬>?$ﬀ&Dq@<Q>0+-=?&M>o
:,6ﬀ6=7>?$ﬀ&)DÒ@8o:,(6+1(="&).">c=>?$ﬀ&R=?@ﬀDÒ+1(K>?2>0$ﬀ&EDq@<Q>0+-=?&M>
ﬃ9
#%$&/.0&_+F=J2,(ﬀ<-B2,(ﬀ&R>CBN8&254Xc$ﬀ&/DG+FX/:5<.0&):,XM>?+-2,(o;@!>
="&)I,&).0:,<b254L>?$ﬀ&)DX/:,(l2!X/X/@ﬀ.=?+-Dq@ﬀ<1>0:,(ﬀ&/2
@="<-BW:5(63XM2
(XM@ﬀ.?U
.?&)(K>?<-Bl+-(k>?$ﬀ&HDP@ﬀ<1>?+F="&/>)
:;
 Xc$ﬀ&)DJ+FX/:,<`.0&):,XM>?+-2,(DE:B
2!X/XM@.E8ﬀ.?2\IN+F6!&)6>?$ﬀ&).?&W:5.0&:\>E<1&:,=">P>CO2+1(K>?&)*,&).0=J+-(>0$ﬀ&
Dq@ﬀ<1>?+F=?&M>)]
<
*2()Yß>=?) 
	@#%A 3*
#%$ﬀ&E:,6ﬀ6ﬀ+Q>0+12
(32
8&).0:5>?+-2,(3X):5(
4:5+-<n
:*ﬁ
u
>?2
.?+-(ﬀ*7+-(
>0&/*
&/.c=+1(G>0$ﬀ&hDP@ﬀ<Q>0+-=?&M>X/:5(J4:,+1<z
ﬂ
Bﬂ&/DG2\IN+-(ﬀ*G+1(K>?&)*,&).0=T4Y.02,D >0$ﬀ&7Dq@ﬀ<1>?+F=?&M>X):5(_4:5+-<n]
C&X/:5@="&3>?$ﬀ&="&2,89&/.c:\>0+12
(=':5.0&l&Mv!&XM@!>0&)62,(ﬀ<-B+1(="+F6!&
wÔ:,XM>?+-2,(=)oL>0$ﬀ&W&/(K>0+1.0&W="B!=">?&/DØ4:5@ﬀ<1>E>?2
<1&).0:,(XM&'+F=E8ﬀ.025U
IN+-6!&6«Oﬂ+1>?$ﬀ+-(«>0$ﬀ&twä:
Xs>?+-2,(«4Y.0:,DJ&)OT2
.?Z] wT2
DG8ﬀ@!>?&).
$ﬀ2
=">0=ﬂ:,(6'(ﬀ&M>CO2,.0H6!2G(ﬀ2,>ﬂ4:5+-<n]
ß%z % K
 ¼! ¾
¤D
¥
¢
¿ FE ¿R¾0¼ﬀ C
à
Ë¢b
¼_½¾
¤
 HG
¢
ﬁJIŁ 
¢0K
#%$ﬀ&+-(ﬀ+1>?+F:5<`wﬂxUCxeTy{5|G=?89&)XM+1[X):\>?+-2,(W+F=*,+-I,&/(W;NB_>COT2
X/<-:
=?=?&)=)l>0$ﬀ&ML*N
OP@Q
QPNRﬁS@T*U@QAXM<F:,=0=R=?8&XM+14YBK+-(ﬀ*>?$ﬀ&="&)."U
IN+FXM&)=R25ÚZ&/.0&)6g;NBg>?$ﬀ&l=?B!=C>0&/Dä>?2A@="&).0=):,(6g>?$&>VWSXUXYﬁS
X/<-:
=?=)o!="89&)X/+Q4YBN+-(ﬀ*G>?$ﬀ&^@="&).0=%;9&/$:IN+-2,@ﬀ.]
°+1*
@ﬀ.?&G="$2\Oh=h>0$ﬀ&ZL*NOP@QQP
NRﬁST*U!QX/<-:
=?=)]G#%$ﬀ&J4Y2,@ﬀ.
=?B!=C>0&/D2,89&/.c:\>0+12
(=  >?2 H W 8ﬀ.02\IK+F6!&6G>?2P>?$ﬀ&@=?&/.c=T:,.?&
=?8&XM+1[&)6l;NB_4Y2
@ﬀ.wﬂxUCxeTy{5|EDJ&/>?$ﬀ2!6ﬀ=)]^#%$ﬀ&G=C>c:\>?&J:5(6
+-(K>?&/.0(:,<h;&)$:IN+12
@ﬀ.lm ﬀ4ﬁ >?2 :;ﬁ pE:5.0&S="89&)X/+Q[&)6@=?+1(*
8ﬀ<F:,X/&\[SXUXYﬁS4Y2
.=">?2
.?+-(ﬀ*E@=?&/.c=ﬂ+F6!&/(K>?+1>CBZZ8ﬀ<-:
XM&\]*N^!_TR4Y2,.
=">?2
.?+-(ﬀ*+-(K>?&)*,&/.c=&/(K>?&).?&6;NB^>0$ﬀ&%@="&).0=),:,(6q+-(K>?&).?(:,<K>?.c:5(!U
=?+Q>0+12
(a`b#U!Q%c
dXPegf*UP#dTﬁcghX_l>0$:\>W:,XM>?@:,<1<-Bg8&)."4Y2
.?DE=R>?$ﬀ&
í
:,DJDE:gXc$ﬀ&/DG+FX/:,<.0&):
Xs>0+12
(=/A+Q>W.0&/DG2\I,&=H>CO2g+1(K>?&)*,&).0=
4Y.02,D 8ﬀ<F:,XM&i]N^!_TZor=?@ﬀDE=>0$ﬀ&/Dæ@ﬀ8o`:,(6k+-(="&).">c=^>0$ﬀ&R.0&MU
=?@ﬀ<1>h+1(K>?2J>0$ﬀ&^8ﬀ<F:,XM&
]
jlknmgoﬀoqpsrtumXvv,mXr
woFxﬀy@v
zF{}| ~ﬃ{~H ~H{ {}HŁ ~ﬃ
~H{ Ł zﬀnŁ ~ﬃ
n{~H }Łn ~H
@
{#Ł } {Ł z



}n ¡

 ¡
n¢
~ﬃ ~H
~H
~H
Ł
Ł £¤
Ł
¤
Ł
Ł
~H
~H
µﬀ¶ø·¹ﬀºz»¦¥½¨§ﬂÄNÈﬀ»NºÀ¸ÉN¶QÄN·ª©9É«MÅc»KÃ
°+1*
@ﬀ.?&~G6!&/8ﬀ+FXs>c=>?$ﬀ&¬VWSXUYS^XM<F:,=0=)]f>hX/.?&:\>?+-2,(H>?+-DJ&:
@=?&/.L.?&)*,+F=C>0&/.c=+Q>c="&)<Q4>02^>?$&­
uﬀí
:5DGDE:=?BN=">?&)D
>0$ﬀ&/(R+Q>L+F=
:,;ﬀ<1&q>?2'+1(="&).">7+1(K>0&/*,&).0=)o9*,&M>>?$&P.0&)=?@ﬀ<1>2
.<-&):I
&>?$&J=?B!=CU
>0&/D]LI,&).?BR:
Xs>0+12
(W8&)."4Y2
.?DG&)6';NBH>0$ﬀ&@=?&/.+-=h4Y2,.0O:,.06!&6
>02-L*N
OGUL:G=">0:\>0+-X7+-(=">0:,(XM&7254r>?$ﬀ&­
uﬀí
:,DJDE:E=?B!=C>0&/D]
jlknmgoﬀoq­¬oHy®¯o
{}HŁ °#± ²1³
´
µﬃ¶·
~H{ {}HŁ }{ ¸n
Ł zH{nŁ X°#± ²1³
´µH¶·
~H{ Ł zﬀnŁ { ¸
n{~H }Ł X°#± ²1³
´
µH¶*·
{~H nŁ { ¸n
Ł zHŁ X°#± ²1³
´
µH¶*·
zH{}| ~H{{ ¸n
¹
n º¡

»¼½¾¿¡À¾n¿

 
¹
µﬀ¶¸·¹ºz»ÂÁr½\§q«/»Kº«
ﬂ0Ã}WÃÃÅÄÆﬁZßÇ	*A,ßXÃ i(j2,.c6!&)._>02.?&)DG:,+1(jXM2
(XM+F="&
oO&
8ﬀ.0&)=?&/(K>`:X/2,(K>?.c:,XM>ÉÈﬁÊMoKXM2
.?.0&)=?82
(6!+-(ﬀ*h>02>0$ﬀ&ﬂ+-(ﬀ+Q>0+-:,<ﬀ="89&)XMU
+Q[9X/:\>0+12
(o\DE:,6!&2542,(ﬀ<-B>COT2S_4Y2,.0Dq@<-:,&,ËÈ ÊÌ :5(6,È ÊÍ ]
iV>+F=2,;NIN+12
@=%>?$:\>^:H<F:5.0*,&/.XM2,(K>0.0:
Xs>+F=(&)XM&=?=0:5.0BH>02R&)(!U
="@.?&^:5<-<>0$ﬀ&^+1(ﬀ4Y2,.0DG:,<.?&K@ﬀ+1.0&/DG&)(
>c= :* >?2 :;ﬁ ]
°2,.0Dq@ﬀ<F:>È Ê ÌJ=">0:5>?&)=>0$:\>q:54>?&).^>?$ﬀ&HX/.?&:\>0+12
(l254ﬂ:­
u
U
í
:5DGDE:
u
B!=">?&)DÏÎiÐÉÑGo\+1>+F=82K=?=?+1;<1&T>?2XM.0&):\>0&T:[.c=C>@="&).
ÒÓÔÕ
o
:,(6J:=?&)X/2,(6q@=?&/.
ÒWÓÇÔ!Ö
o,:54>?&).f>?$:5>
ÒÓÔ@Õ
+-(=?&/.?>0=f+-(!U
>?&)*,&/.s×%+1(l>?$ﬀ&G=?BN=">?&)Do
ÒWÓÔÖ
+1(=?&/.?>0=+-(
>0&/*
&/.ÙØo:,(6
ÒWÓÔÖ
X/:,(R="&)&h>0$ﬀ&X/2,.0.?&Xs>`.0&)=?@ﬀ<1>q×ﬀÞÚØ]f#%$ﬀ+F=`4Y2
.?DP@ﬀ<-:q:,6ﬀ6!.0&)=0=?&)=
.?&K@ﬀ+1.0&/DG&)(
> ﬃ  ]
°2,.0Dq@ﬀ<F:\ÈﬁÊÍ+F=`="+-DG+1<F:5.;@!>
ÒÓÔÕ
<-&):I
&)=r>?$&h="B!=">?&/DÊ;&/U
4Y2,.0&
ÒÓÔÖ
=?&/&=>?$ﬀ&^.0&)=?@ﬀ<1>)]#%$ﬀ&^&/vN+1>ﬂ254
ÒÓÔÕ
6ﬀ2K&=ﬂ(ﬀ2,>ﬂ:54U
4Y&)XM>T>0$ﬀ&X/2,DG8ﬀ@!>0+1(ﬀ*P254>0$ﬀ&=?@ﬀD]#%$ﬀ+F=`4Y2
.?DP@ﬀ<-:q:,6ﬀ6!.0&)=0=?&)=
.?&K@ﬀ+1.0&/DG&)(
>c= ﬃﬂ :5(6 H W ="+-Dq@<Q>c:5(ﬀ&)2,@=?<1B
]
ÛXÜ
ÌÞÝ¦ßàÙá#âqã1äHåæﬃç5èæﬀéÉßêëHìÇíﬀãäHåæﬃç5èæﬀéÉß#êëﬃì5îÇã1äHåæﬃç5èæﬀé
ßêëHìÇí¯ãï@ðæﬃå ç¯äFèñò:óôõöéÉß#êëﬃì5îã1ï@ðæHå ç¯äFèñò:óô÷öé
ßêëHì¯îÇãåæHðï@ø èﬀôõXù\÷!ö}é
Û Ü
Í Ý¦ßàÙá#âqã1äHåæﬃç5èæﬀéÉßêëHìÇíﬀãäHåæﬃç5èæﬀéÉß#êëﬃì5îÇã1äHåæﬃç5èæﬀé
ßêëHìÇí¯ãï@ðæﬃå ç¯äFèñò:óôõöéÉß#êëﬃì5îã1ï@ðæHå ç¯äFèñò:óô÷öé
ßêëHìÇí¯ãï@ðæﬃå æFú!ñ èéÉß#êëﬃì5îÇã1åæHðï@ø èﬀôõXù¨÷!ö}éûã
wT2
(K>?.c:,Xs>uÈﬁÊ%+F=ﬂ:,Xs>0@:5<-<-BR=?:5>?+F=C[&)6_;KBH>?$ﬀ&7DG2!6!&/<2,4b>0$ﬀ&
+1(+Q>0+-:,<b="89&)X/+Q[9X/:\>0+12
(]
ß%nß% ú¢
E
h¢
¦
¢b
¼
úà
Ë
¸ ¸ö¿B¼ﬀ C
 ¡¢
»N C©

=^DG&/(K>?+-2,(&)63+1(
u
&Xs>?+-2,(|!] ﬀ]-o>0$ﬀ&_w:,Xs>0+12
(3DG&Xc$!U
:5(ﬀ+F=?D 8.?2\IN+F6!&)=P:SO&/<-<QU=C>0.?@Xs>?@.?&6kO:B2546ﬀ&):5<-+-(ﬀ*SOﬂ+1>?$
4:5@ﬀ<1>0=>0$:\>7DE:BW$:588&)(36!@ﬀ.0+-(ﬀ*':'XM2N2
8&).0:5>?+-I,&q:
Xs>?+-IN+Q>CB
]
i(>?$+-=J="&Xs>0+12
(ofOT&_@="&w´:,XM>?+-2,(=>?26!&)=?+1*
(k>?$ﬀ&'­
u
U
í
:5DGDE:=?BN=">?&)D]°:5@ﬀ<1>`>?2
<1&).0:,(XM&ﬂ+F=8ﬀ.02\IN+-6ﬀ&)6J;NB>?$&w
:,XM>?+-2,(=)]
ﬂ0Ãﬂ0ÃÃ üýþ)ß ýüÚ Nþ!1þﬁÃ
#%$ﬀ&l=?B!=C>0&/D +-=RXM2,DG892
=?&)6
254ﬂ:W="&/>254%8:5.?>?+FXM+-8:,(
>c=HmY<-2!X/:5>?&)62
(k6ﬀ+QÚZ&/.0&/(K>$ﬀ2K=C>c=0pMor:
w«:,XM>?+-2,(=?Xc$&)6!@ﬀ<-&/.PmY<-2NX):\>0&)6'2,(:E="&)8:5.c:\>0&^XM2,DG8ﬀ@ﬀ>?&/.sp
:5(63:R=?&M>254%wÊ:,Xs>0+12
(=Jm=?&/&P°+-*,@ﬀ.0&-ß
ps]^«8:5.?>?+FXM+-8:5(K>
=C>c:5.?>0=ﬂOﬂ$&/(+Q>h+F=ﬂ<-2
:
6!&)6'+-(
>02H:GXM<-+1&)(
>XM2,DG8ﬀ@ﬀ>?&/.h:,(6'&)="U
>0:,;ﬀ<1+F=?$ﬀ&)=:XM2
(ﬀ(ﬀ&)XM>?+-2,(POﬂ+Q>0$P>0$ﬀ&w:,Xs>0+12
(P=0Xc$ﬀ&)6ﬀ@ﬀ<1&).)]
8:5.?>?+FXM+-8:,(
>`O2,.0!=2,(G;&)$:5<14254:7@=?&/.]rL:
Xc$P8:5.?>?+FXM+-8:5(K>
$:,=7:R<12!X/:,<rDP@ﬀ<1>?+F="&/>øÄÃÔYÆvã"Æ ÅÄÊ@Ô sØÂØÂMo+z] &
]:_K@ﬀ&)@ﬀ&J+1(
Oﬂ$ﬀ+FXc$'8:5.?>%2,4b>0$ﬀ&^*,<-2,;:,<Dq@ﬀ<1>?+F=?&M>h+F=%,&/8ﬀ>)]
#%$&/.0&J:,.?&P>?$ﬀ.0&/&P>CBN8&=254%w:,XM>?+-2,(ÄÒÒÖÄhüãÔ<ÆvÌbÊ
mY&/vN&XM@!>0&)=S>?$ﬀ&
í
:5DGDE:XM2,DG8ﬀ@ﬀ>0:\>0+12
(âU'Xc$ﬀ&)DG+-X):5<.0&):
XsU
>?+-2,(pM7ÆÓÊÆ²ËyÁSüãÔ<ÆvÌbÊ³m&/(:,;ﬀ<-&)=H:k@=?&/.H>?2<-&):I,&'>0$ﬀ&l=?BN="U
>?&)DEpM:,(6oOä"Ê>ËÂÃÔ²ù
ØfÒÖÙÂÃyüãÔ<ÆvÌbÊmY&/(:5;ﬀ<-&)=7:'@=?&/.>?2+-(!U
="&).">h:G(ﬀ&)OŁ+-(K>?&/*
&/.ﬂ+-('>?$ﬀ&=?B!=C>0&/DHps]
tw:
Xs>?+-2,(J=?Xc$&)6!@ﬀ<-&/.f+F=f.?&="892,(="+-;ﬀ<-&L4Y2
..0&)X/&/+-IN+1(ﬀ*+-(!U
4Y2,.0DE:\>?+-2,(G4Y.02,D:,<1<8:5.?>?+FXM+-8:5(K>c=L:5;92,@ﬀ>:5(NBJ(ﬀ&/O(N@ﬀDP;&).
>?$ﬀ&)B_$:I,&7+1('>0$ﬀ&/+-.h<-2NX):5<bK@ﬀ&)@ﬀ&)=)]L#%$ﬀ&Pw:,Xs>0+12
(W=?Xc$ﬀ&6NU
@ﬀ<-&/.q:,<-=?2W=C>c:5.?>0=^:(ﬀ&)OÄÒÒåÄJüã"ÔYÆvÌÊAOﬂ+Q>0$3>0$ﬀ.0&/&E.02,<-&)=
Host
Participant
Host
Participant Participant
Host
Host
HostHostHost
Participant Participant Participant
H
AS
NU
M
BE
R,
Pa
rti
cip
an
t
Ac
tio
n,R
ole
Ac
tio
n,R
ole Action,Role
Ac
tio
n,R
oleHASNUM
BER,Participant
HASNUM
BER,Participant
H
ASNUM
BER,Participant
HASNUM
BER,ParticipantH
AS
NU
M
BE
R,
Pa
rti
cip
an
t
Ac
tio
n,R
ole
Action,Role
GammaAction
GammaAction
scheduler
CA action
µﬀ¶¸·9¹ﬀºz»b½¾u©÷òﬀÃÃ_òÚ©9ÉX«MÅc»NÃ
Oﬂ$ﬀ&)(ﬀ&/I
&/.J>?$&/.0&:,.?&:\>E<-&):
=C>G>CO23(ﬀ&)O (N@ﬀDP;&).0=J+-(g>?$ﬀ&
<-2!X/:5<DP@ﬀ<1>?+F="&/>0=)]`#%$ﬀ&/.0&^X/:5(';9&:,=%DE:5(NBÄÒÒåÄJüã"ÔYÆvÌÊË
:
Xs>?+-I,&X/2,(X/@ﬀ.0.?&)(
>0<1B_:,=%>0$ﬀ&/.0&:5.0&^8:5+-.c=ﬂ254f+1(K>0&/*,&).0=h+1(W:5<-<
<-2!X/:5<fDP@ﬀ<Q>0+-=?&M>c=:\>:'*,+-I,&)(l>0+1DG&
]G°2,.^&/v!:,DG8ﬀ<1&
o+1>+-=^:,<QU
<-2\OT&6S>02W$:I,&E=?&/I
&/.c:5<:,XM>?+-I,&ÄÒÒÖÄhüãÔ<ÆvÌbÊ>ËH+-(kOﬂ$ﬀ+-Xc$
>0$ﬀ&3=0:5DG&S8:,.">0+-X/+18:5(K>H>0:,,&=H8:,.">3m+Q4q>?$ﬀ&).?&l:,.?&3="&)I,&/.c:5<
(N@ﬀDP;&).0=J+-(g+1>0=G<-2!X/:,<DP@ﬀ<1>?+F="&/>cps]T:,Xc$8:5.?>?+FXM+-8:5(K>HX/:,(
;9&^+1(NI
2,<-I,&)6R+1(W=?&/I
&/.c:5<:,XM>?+-2,(=ﬂ:5>h2,(X/&8<-:BN+-(ﬀ*E6!+QÚZ&/.0&/(K>
.02,<-&)=)]^#%$ﬀ+-=7:,8ﬀ8ﬀ.02
:,Xc$3:5<-<12\Oh=:H;9&M>?>?&/.^8:5.c:5<-<1&)<1+F=?:5>?+-2,(W2,4
>0$ﬀ&
í
:5DGDE:GXM2,DG8ﬀ@ﬀ>0:\>0+12
(]
ﬂËÃﬂËÃ0Ã
	Â*  iA5ß!1ﬁÃ
ÄÒÒÖÄhüãÔYÆvÌÊE+F=r:^wA:
XsU
>0+12
(@=?&)6>?238&)."4Y2
.?D®:S­
uﬀí
:,DJDE:3Xc$ﬀ&/DG+FX/:5<T.?&:,XM>?+-2,(]
iV>ﬂ$:
=>?$ﬀ.0&/&7.02,<-&)=)`ÆÓÃËÔÝønÃyÌhÇØãÂ"ÃsoRÂãÌÊBÇhønÃyÌhÇØãÂÃso:5(6
õÌÊËØfÒÖÂÃs]LÆÓÃËÔÝønÃyÌhÇØãÂÃT:5(6'RÂãÌÊBÇhønÃyÌhÇØãÂÃ`>0:,,&ﬂ+-(!U
>0&/*,&).0=T4Y.02,D´>?$ﬀ&)+1. øÄÃÔYÆvã"Æ ÅÄÊ@Ô sØÂØÂËh:5(6'=?&/(6R>0$ﬀ&/D´>?2
õÌÊËØfÒÖÂÃs]'õÌÊ>ËØfÒåÂ"Ãﬂ=?@ﬀDE=>?$ﬀ&^+-(K>?&)*,&/.c=@ﬀ8:5(6'=C>02,.0&)=
>0$ﬀ&%.?&="@ﬀ<1>+1(G+1>0=øÄÃÔYÆvã"Æ ÅÄÊ@Ô sØÂØÂmn="&)&%°+-*,@ﬀ.0&ﬂî
pM]b2NX):5<
DP@ﬀ<Q>0+-=?&M>c=ø&ÄÃÔYÆvã"Æ ÅÄÊ@Ô sØÂØÂ:,.?&&MvN>?&).?(:5<Z2,;!aC&Xs>c=T+-('2,@ﬀ.
6!&="+-*,(b]T#%$ﬀ&)B'X):5(;&P:,X/X/&)=0="&6R2
(ﬀ<-B_Oﬂ+1>?$ﬀ+-(3w«:
Xs>?+-2,(=/]
#%$ﬀ&)+1.HX/2,(=?+F=C>0&/(X/B:5(6g+-(K>?&/*
.?+1>CB+F=E*,@:5.c:5(K>?&)&)6;NB>?$ﬀ&
w:,XM>?+-2,(="@ﬀ882
.">^+-(=?@Xc$3:_O%:B>?$:5>^=?&/I
&/.c:5<f:,XM>?+-2,(=
X):5(_>0:5
&+-(K>?&)*,&/.c=4Y.02,D>0$ﬀ&=?:,DG&DP@ﬀ<1>?+F="&/>:5(6':,6ﬀ6_(ﬀ&)O
+-(K>?&/*
&/.c=+-(H+Q>7m6!@.?+-(ﬀ*^>0$ﬀ&
í
:,DJDE:^.0&):
Xs>0+12
(pfOﬂ+1>?$ﬀ2
@!>T+-(!U
>0&/.?4Y&/.0&/(X/&,]
#%$ﬀ&w:
Xs>?+-2,(RDJ&Xc$:5(+-=?D8ﬀ.?2\IN+F6!&)=:^4Y.c:5DG&)OT2
.?P4Y2,.
6!&:5<-+1(*qOﬂ+1>?$R&/vﬀXM&/8ﬀ>?+-2,(=L>?$:5>$:58ﬀ89&/('6!@ﬀ.0+1(ﬀ*q>?$ﬀ&&Mv!&XM@!U
>0+12
(254>?$ﬀ&W=?B!=C>0&/D]i(g2,@ﬀ.E­
uﬀí
:5DGDE:k="B!=">?&)D'oTOﬂ$ﬀ&/(
>0$ﬀ&:
6ﬀ6!+1>?+-2,('2,89&/.c:\>0+12
(E4:5+-<-=+-(=?+-6!&7:&ÄbÒÒåÄJüãÔ<ÆvÌbÊoﬀ:5(
Send 
first 
number
Send
second
number
ParticipantQueue(from Consumer)
(From SecondProducer)ParticipantQueue
(from FirstProducer)ParticipantQueue
time
Add up numbers and
store the result
Consumer
FirstProducer
SecondProducer
µﬀ¶¸·9¹ﬀºz»½÷òﬀÃÃRòﬀñô\ÅM¶¸Á9Ä
&MvﬀXM&)8!>?+-2,(bo9X):5<-<1&6>f*U
P#dTcghg_ﬁdXUTcgh_oK+-=.0:,+-=?&)6+-(W>0$ﬀ&
>?$ﬀ.0&):
6W&Mv!&XM@!>0+1(ﬀ*':H.02,<-&+-(S>?$&J:
Xs>?+-2,(b]i(3°+-*,@ﬀ.0&JÑ!o9O&
.?&)8ﬀ.0&)=?&/(K>L>0$ﬀ&¬f*UP#dTﬁcghX_dXUTchX_;9&/+-(ﬀ*J.0:,+-=?&)6H;KBJ>0$ﬀ&
õÌÊ>ËØfÒåÂ"Ãs]
(from Consumer)
time
ParticipantQueue
ParticipantQueue(from FirstProducer)
ParticipantQueue(From SecondProducer)
Consumer
FirstProducer
EXCEPTION
first 
number
Send 
Recovery
Recovery
Recovery
SecondProducer
Send
second
number
Read Number Write Number
Read number
Write Number
µﬀ¶¸·¹ºz»½µ5Á!º%ò
ºzÈﬁﬀººzÁNºﬃﬂb»
ô\Áﬀ¿,»NºzÉS¶QÄS÷òﬀÃÃ_ò!ñô\ÅM¶øÁÄ
i(:
X/XM2
.06:5(X/&>?2>0$ﬀ&Rw:,XM>?+-2,(kXM2,(XM&/8ﬀ>)oO&E:\>">c:,Xc$
&MvﬀXM&)8!>?+-2,(R$:5(6ﬀ<1&).0=L>?2P&):,Xc$R.?2
<1&
]ri('°r+-*,@.?&Ñ!oK4Y2,.&Mvﬀ:5DJU
8ﬀ<-&,o:\4>0&/.q:,(&/vﬀXM&/8ﬀ>?+-2,( f*UP*dTcghX_ﬁdXUTchX_$:,=;&)&/(
.0:,+-=?&)6o%>?$ﬀ&wÒ:,XM>?+-2,(t=?@ﬀ8ﬀ892,.?>RDG&)Xc$:,(ﬀ+1DE=R+1(K>?&).?.0@ﬀ8!>c=
:5<-<h>0$ﬀ&l.02,<-&)=R+1(>0$ﬀ&kwÒ:,Xs>0+12
(t:5(6ŁX/:5<-<F=G>?$ﬀ&3$:5(6!<1&).
4Y2,._>?$ﬀ+F='&MvﬀXM&)8!>?+-2,(Ł+1(t&:,Xc$t2
(ﬀ&l2,4^>?$ﬀ&)D] x@._6!&="+-*,(
6!&)X/+-=?+-2,(_4Y2,.%>?$&sf*UP#dTﬁcghX_dXUTchX_+F=>?2G@=?&4Y2,.0O:,.06
&/.0.?2
.%.?&XM2\I,&).?BG+-(R>0$ﬀ&74Y2,<-<-2\Oﬂ+1(ﬀ*GO%:BZrOﬂ$ﬀ&)('>?$ﬀ&^.0&):
Xs>?+-2,(
m:
6ﬀ6!+1>?+-2,(p4:5+-<-=)o>0$ﬀ&'X/2,(=?@ﬀDG&/.J,&)&/8=P;925>?$A+1(K>0&/*,&).0=q;NB
+1(="&).">0+1(ﬀ*>0$ﬀ&/D +1(K>02+1>0=H<12!X/:,<ﬂDq@ﬀ<1>?+F=?&M>ROﬂ$ﬀ+-<F=C>E>0$ﬀ&W8ﬀ.025U
6!@X/&/.c=XM2
DG8ﬀ<1&/>?&^>0$ﬀ&GwÊ:,XM>?+-2,(W:,=+Q4`(ﬀ2,>?$ﬀ+-(ﬀ*H$:,6$:,8!U
8&)(ﬀ&)6]`#%$K@=/o!+14r>0$ﬀ&^:,6ﬀ6ﬀ+Q>0+12
(_2
8&).0:5>?+-2,(E4:,+1<F=ﬂ6!@ﬀ.0+1(*q>0$ﬀ&
wå:,XM>?+-2,(g&Mv!&)X/@!>?+-2,(bo`>?$&SXM2,(="@ﬀDG&).J.0&)X/2\I,&).0=q>?$ﬀ&W=?B!=CU
>0&/Do;ﬀ@!>J+1(>?$ﬀ+F=PX):,=?&E>CO2S(ﬀ&/O+-(K>?&)*,&/.c=q:,8ﬀ89&):5.P+1(>?$ﬀ&
X/2,(=?@ﬀDG&/.%<-2NX):5<ZDq@<Q>0+-=?&M>]Õ3&^@=?&^:P=?89&)XM+F:5<2
@!>0X/2,DG&4Y2,.
ÄÒÒåÄJüã"ÔYÆvÌÊ>?2+-(!4Y2,.0D®:5;92,@!>J>?$ﬀ&="&'(ﬀ&)O+1(K>?&)*,&).0=P+1(
>0$ﬀ&^<12!X):5<Dq@<Q>0+-=?&M>h2,4b>?$&XM2,(="@ﬀDG&).)]
ÄÒÒÖÄhüãÔ<ÆvÌbÊ>Ë7:5.0&q:\>02,DG+-XqOﬂ+Q>0$l.0&)=?8&Xs>>?2H4:,@ﬀ<1>0=+1(
>0$ﬀ&Xc$&/DG+-X):5<7.0&):,XM>?+-2,(&MvﬀXM&)8!>?+-2,($:5(6ﬀ<1&).0='*,@:5.c:5(K>?&)&
 (ﬀ25>0$ﬀ+1(*! R=?&/DE:,(
>0+-X)=h4Y2
.>?$ﬀ&G*,<-2,;:5<Dq@ﬀ<1>?+F="&/>Hm:5<1>?$2,@ﬀ*
$
<-2!X/:5<NDP@ﬀ<Q>0+-=?&M>c=:5.0&TDG2!6!+1[&)6G6!@.?+-(ﬀ*>?$ﬀ+F=f.0&)XM2\I
&/.0Bﬀps]b°:5+-<QU
@ﬀ.0&)=P+-(g=">?2
.?+-(ﬀ*o2
.G.?&)DJ2\IN+-(ﬀ*of+-(K>?&/*
&/.c=J+1(>?$ﬀ&Dq@<Q>0+-=?&M>
:,.?&6!&):,<Q>ﬂOﬂ+1>?$'+1(:G="+-DG+1<F:5.%O%:B,]f­@ﬀ&>02G=?8:
XM&<1+-DG+Q>oﬀOT&
Oﬂ+-<1<XM2
(XM&)(
>0.0:5>?&
o+-(W>?$ﬀ&P.?&=C>254f>?$ﬀ+F=8:589&/.o2
(ﬀ<-B_2
(>?$ﬀ&
f*UP#d@TcghX_"ﬁdXUTﬁchX_]
ﬂËÃﬂËÃﬂËÃ Ä$#:&%('*)lüW A,+ AX!ß!1ﬁÃ °2,.&):,Xc$_XM2,DJU
892,(ﬀ&)(K>P254ﬂ>0$ﬀ&w :,XM>?+-2,(6!&="+-*,(bof:kwﬂxUCxeTy{,|_=?89&)XM+1U
[X):\>0+12
(A+F=E8ﬀ.02\IN+-6!&6]i(g>?$ﬀ+F=H8:589&/.oTO&8ﬀ.?&="&)(K>R="2
DJ&
2,4>0$ﬀ&)=?&'wﬂxU"xeLy7{5|'XM<F:,=0="&=/>0$ﬀ&RXM2
DG8ﬀ<1&/>?&R=?&M>P254GwﬂxU
xeTy{5|=?89&)XM+1[X):\>?+-2,(=^>?2
*,&/>?$ﬀ&).Oﬂ+Q>0$+-(!4Y2,.0DE:5<L8.?2N254ﬂ2,4
8ﬀ.02,89&/.?>?+-&)=%X):5(;&74Y2
@ﬀ(6_+1(}1,sV]
#%$ﬀ&ML*N
OP@Q
QPNRﬁS@T*U@QAXM<F:,=0=/o=?$ﬀ2\Oﬂ(+-(Ł°+1*
@ﬀ.0&3áﬀoh6ﬀ&MU
8ﬀ+FXs>c=>0$ﬀ&h2\I,&).0:,<1<ﬀ=?B!=C>0&/D³Oﬂ+Q>0$'wt:
Xs>?+-2,(H6ﬀ&)=?+1*
(]riV>2,(ﬀ<-B
X/.?&:\>?&=R:,(Ł+-(=C>c:5(X/&l2,4>?$ﬀ&w :,Xs>0+12
(Ł=0Xc$ﬀ&)6!@<1&).R>0$:\>
8:,.">0+-X/+18:5(K>0=%X/:,(_@="&^+-('>?$ﬀ&=?&)K@ﬀ&)<n]
jlknmgoﬀoqpsrtumXvv,mXr
woFxﬀy@v

¡À
.-
¾

/10.0¾.2
43
¼

¹
ºn }ºn¡

»¼½¾¿¡À¾n¿

 
Ł zHŁ g°#± ²1³
µ

·
}n{{
¹
µ

µﬀ¶¸·¹ºz»5½6ﬂb»7Ä!»KÃ_»KÄNÅ&ﬂL¼98;:^¿,»KºzòﬀÀ1À0©9ÉX«MÅc»NÃ
#%$ﬀ&ÉVWSXUYﬁS%X/<-:
=?=r254!>0$ﬀ&T+-(ﬀ+1>?+F:5<!=?8&XM+1[X/:5>?+-2,(q+F=r.?&)8ﬀ<-:
XM&6
;NBW>0$ﬀ&=<PYTc
dc>#PX_T_XM<F:,=0=78:,.">0+-:,<1<-BW*,+-I,&)(l+-(k°+-*,@ﬀ.0&Eéﬀ]
>X/.?&:\>?+-2,(_>?+-DG&,o>?$ﬀ&8:5.?>?+FXM+-8:5(K>ﬂ.?&)*,+F=C>0&/.c=%+Q>c="&)<Q4f>02G>?$ﬀ&
wg:,XM>?+-2,(q=0Xc$ﬀ&)6ﬀ@ﬀ<1&).)]riV>r4Y2
.?O%:5.c6ﬀ=>?$ﬀ&%@=?&/.>? =r&Mv!+1>.0&)K@ﬀ&=C>
>02^>?$ﬀ&7wŁ:,XM>?+-2,(H=0Xc$ﬀ&)6ﬀ@ﬀ<1&).)oK:5(6J4Y@.?(ﬀ+F=?$ﬀ&)=`>?$ﬀ&.?&="@ﬀ<1>`;NB
.0&):
6!+1(*P+-(+Q>c=hK@ﬀ&/@ﬀ&
]
#%$ﬀ& OP@Q
QP!@ﬁdTﬁcghX_WXM<F:,=0=/o="$ﬀ2\Oﬂ(k+-(°+1*
@ﬀ.?&êﬀor=?89&)XM+1U
[&=AÄÒÒÖÄhüãÔ<ÆvÌbÊ]#%$ﬀ&?_#UBCOP@QQﬁP!@ﬁdTchX_X/2,(=">?.0@XM>?2,.
X):5@=?&)=`>?$ﬀ&^XM.0&):5>?+-2,(E2,4r:qXc$:,(ﬀ(ﬀ&)<%d@boK@="&6R:
=T:P<12!X):5<92,;!U
aC&Xs>)]h#%$&PXc$:,(ﬀ(ﬀ&/<b+-=:HK@ﬀ&/@&254+-(
>0&/*
&/.c=/]ﬂ#%$ﬀ&qX/.?&:\>0+12
(
2,4:7(&/O+-(=C>c:5(X/&ﬂ254>0$ﬀ&uOP@Q
QP!@ﬁdTﬁcghX_XM<F:,=0=+F=>?.0+-*,*,&).?&6
;NBE>0$ﬀ&Pw:,XM>?+-2,(=?Xc$ﬀ&6!@ﬀ<-&/.]
#%$ﬀ& c!_@ﬁd@TcghX_DJ&/>?$ﬀ2!6+F=H@="&6g>?2+-(=C>0.?@Xs>R>0$ﬀ&w
:
Xs>?+-2,(k:5;92,@ﬀ>qOﬂ$ﬀ+FXc$3>0$ﬀ.0&):,6Oﬂ+-<1<L8&)."4Y2
.?DÒOﬂ$ﬀ+-Xc$.02,<-&G+1(
>0$:\>w:,XM>?+-2,(]#%$ﬀ&GwÊ:,Xs>0+12
(S+F=:,XM>?@:,<1<-B8&)."4Y2
.?DG&6
;NBk>?$&@dTcghX_3>0.0:,(="+1>?+-2,(A>?$:\>G[.c=C>HX/:,<1<F=G:5<-<%>?$ﬀ&.02,<-&)=
jlknmgoﬀoED%mg®ﬀxGF.HIF.JmKx¯o
{}HŁ °#± ²1³
µ  ·
{zMLONÇnŁ }Ł Pﬃz}{ ¸n
QRQIQ
Ł zH{n}Ł °#± ²1³
· · ·
QRQIQ
n{~H }Ł X°#± ²1³
S ·
n{LﬀŁ 
QRQIQ
Ł zHŁ g°#± ²1³
µ  ·
zF{}|TNÇnŁ }Ł Pﬃz}{ ¸n
¹
n }ºn¡

»¼½¾¿¡À¾¿

 
¹
µﬀ¶ø·¹ﬀºz»U½(ﬂr»T7bÄN»KÃ_»NÄNÅVﬂL¼986WZò
ºzÅM¶¸ô,¶1ÂNòﬀÄNÅ
+1(2
.06ﬀ&/.7>?2l<1&/>>?$ﬀ&)DÒ&)(K>?&/._mY;NBX):5<-<1+-(ﬀ*
_T*UY!ph>?$&'w
:,XM>?+-2,(="+-Dq@<Q>c:5(ﬀ&)2,@=?<1B
o:,(6A>?$ﬀ&)(="&
@&/(K>?+F:5<-<1BgX/:,<1<F=E:5<-<
>?$ﬀ&P.?2
<1&=h+-(S2,.c6!&).ﬂ>?2H<-&M>>?$ﬀ&)Då<1&:I,&Rm;KBX/:,<1<-+-(ﬀ*XUP!YUNp
>?$ﬀ&Pw:
Xs>0+12
('=?+1DP@ﬀ<1>0:5(&/2,@="<-B,]
#%$&GX):5<-<f>?2_>?$ﬀ&=
_T*UXYDG&M>0$ﬀ2!6254T:'.02,<-&JX):5@=?&)=>?$:5>
.?2
<1&h>?2q89&/.?4Y2,.0D="2
DG&hOT2
.?Z,>?$ﬀ&&/(6H254>?$+-=TOT2
.?GX/:,@=?&)=
>?$ﬀ&&/(:,;ﬀ<-+1(ﬀ*P254>0$ﬀ&ZXUP!YUDG&M>?$2N6=/]#%$ﬀ&.?2
<1&=OT2
.?ÙÂ"â
Ô<ÕÂÂÊl>0$ﬀ&PX):5<-<-=h>?2R>?$ﬀ&ﬃ_T*UYHDG&M>0$ﬀ2!6ﬀ=:,(6>0$ﬀ&PX):5<-<-=h>?2
>?$ﬀ&XUP!Y*U'DG&M>?$2N6=/]_iV4>0$ﬀ&VXUP!YU'DG&/>?$ﬀ2!6k254%2,(&E.?2
<1&
X/:,(ﬀ(ﬀ25>;&T[.0&)6o>0$ﬀ&/(q>?$ﬀ&&/(K>0+1.0&[@ﬁdTchX_>?.c:5(=?+Q>0+12
(+F=r(25>
[.0&)6:\>J:5<-<n]#%$ﬀ& @ﬁdTchX_S>0.0:,(=?+Q>0+12
(3>02,*
&M>?$&/.Oﬂ+1>?$k>0$ﬀ&
="89&)X/+Q[9X/:\>0+12
(254>?$ﬀ&^8:,.">0+-X/+18:5(K>K@ﬀ&/@ﬀ&^&)(=?@ﬀ.?&=>?$:5>w
:,XM>?+-2,(=$:I,&%>?$&wTiC­Ł8.?2
8&).">0+1&=/]ri(6!&/&6oﬀwﬂxUCxeTy{5|
="&)DE:5(K>?+FX/=L&/(=?@ﬀ.0&)=f>0$:\>L&)+Q>0$ﬀ&/.L>?$ﬀ&Z@ﬁd@TcghX_>?.c:5(="+1>?+-2,(J>?2,U
*,&/>?$ﬀ&).Oﬂ+1>?$_+Q>c=.?&
@+1.0&)6H=?BN(Xc$ﬀ.02,(ﬀ+F=0:\>?+-2,(=`+F=X/2,DG8ﬀ<-&M>0&/<-B
[.0&)6oN2,.L>?$ﬀ&Z@ﬁd@TcghX_q>0.0:,(="+1>?+-2,(E+F=T(ﬀ25>T[.?&6H:\>%:5<-<rm$ﬀ&/(X/&
(ﬀ2,(&^254r+1>0=h.?&
@+1.0&)6'="BN(Xc$.?2
(ﬀ+-=0:\>0+12
(=:5.0&ps]
#%$+-=Sw :,Xs>0+12
(Ł+F=_:,<-=?2A:,;ﬀ<-&l>02gX/2,89&lOﬂ+1>?$j2,(ﬀ&3&MvNU
XM&)8!>?+-2,(oËfUP#dTchX_ﬁdgUTcghg_Zoﬀ+-(XM2
DG+1(ﬀ*_4Y.02,D .02,<-&)=)]qiV4
f*U
P#dTcghg_ﬁdXUTcghX_$:
=`;9&/&/(_.0:,+-=?&)6o5>?$&;@ﬁdTﬁcghX_q>0.0:,(!U
="+1>?+-2,('6!2N&)=T(ﬀ25>%X/:,<1<>?$ﬀ&AXUPY*UqDG&M>?$2N6=T2,4>?$ﬀ&.02,<-&)=`;@!>
>?$ﬀ&ifUP#dTchX_ﬁdgUTc@hX_RDG&/>?$ﬀ2!6]R#%$+-=^Oﬂ+-<-<LX/:,@="&J>0$ﬀ&
&MvﬀXM&)8!>?+-2,($:,(6!<-&/.ﬂ2,4b>?$&^.?2
<1&=>?2G;&:
Xs>0+1I\:\>0&)6]
#%$& \`hX_S@[XQﬁUYXM<F:,=0=/o="$2\Oﬂ(+-(°+1*
@ﬀ.?&W
,o="89&)X/+Q[&=
>?$ﬀ&>0$ﬀ.?&:,6q8&)."4Y2
.?DG+-(ﬀ*h>0$ﬀ&Ù`hX_S@[XQﬁUY.?2
<1&T254[ÄÒÒåÄJüã"â
Ô<ÆvÌbÊ] \`hX_S@[XQﬁUYA$:,=_>?2XM2
<1<-&)XM>>COT2A+1(K>?&)*,&).0=_4Y.02,Dç:
Xc$:5((ﬀ&/<98ﬀ.02\IK+F6!&6E;NBP>0$ﬀ&w:
Xs>?+-2,(3mY.0&)XM&)+1I
&)6E:
=T:q<12!X/:,<
2,;!aC&Xs>spso
=?@ﬀDE=>?$&/D@8G:,(6P+1(=?&/.?>0=>0$ﬀ&h=?@ﬀD«+-(
>027+Q>c=8:5.?U
>?+FXM+-8:5(K>PK@ﬀ&)@ﬀ&,]iV>q.0&)X/&/+-I,&=>?$ﬀ&H.0&M4Y&).?&)(XM&E2,4%>?$ﬀ&RK@ﬀ&)@ﬀ&
m:5>XM.0&):\>0+12
(H>0+1DG&pM]
#%$&Ù_#UB9C\`hg_S@[XQUXY_^¯N
`_`O<[`badcTXM2,(=C>0.?@XM>?2
.L=C>02,.0&)=>0$ﬀ&
w:
Xs>?+-2,(3=?Xc$ﬀ&6!@ﬀ<-&/.h+F6!&)(
>0+Q>CB N`9o>?$ﬀ&P8:5.?>?+FXM+-8:5(K>+F6!&)(!U
>?+1>CB<Zo:,(6R>?$ﬀ&^8:,.">0+-X/+18:5(K>h
@&/@ﬀ&7+F6!&/(K>?+1>CBaﬀ]
 OP!QQP!@ﬁd@TcghX_o0&
] *]%O"@Zo/X/:,<1<F=Z>0$ﬀ&[
_T*UXY_^Çd@becDG&/>?$ﬀ2!6
+1(W2
.06ﬀ&/.>?2E&)(:5;ﬀ<-&7>?$&.?2
<1&>02E;&)*,+-('+1>0=&Mv!&)X/@!>?+-2,(b]L#%$ﬀ&
d@b32,;ﬀaC&)Xs>^+F=:<-2NX):5<2
;!aC&)XM>@="&63>?2SXM2
DGDq@ﬀ(ﬀ+FX/:5>?&GOﬂ+1>?$
>?$ﬀ&^8.?2!6!@X/&/.ﬂ.02,<-&)=)]
#%$&[Tk>?.c:5(="+1>?+-2,(A+-=P>?$&/(A[.0:,;ﬀ<-&,]A#%$+-=P>?.c:5(="+1>?+-2,(
j?kmgoﬃolt¬mXvvÆmf;H¯xGFhg!K
zF{}|Ti
¶
#jgŁ zﬁ°#± ²1³

 ·
}{1{
Ł zkjgŁ zﬀ4lmNÇ NnLﬃ~H{Ł zkjgŁ zﬀ4l



zH~H*{
jXŁ z0°#± ²1³
4lmN
Ì
· o
z{n

pqp9lmN
Í
· o
z{

pqp9l
 · o
z{


· ·
rlmN
Ì
· s
{ut{9pqp9lmN
Í
· s
{ut{pp9l
 · s
{,t{1X£
4lmN
Ì
·
{Ł z
o
H{,PFŁ z_pp9lmN
Í
·
{Ł z
o
H{,PFŁ zvpp
l
 ·
{Ł z
o
H{,PHŁ zﬃ
w

À
3
¾
F x
w

À
3
¾

/À 
hy} x
/Àn 
n.y
/.2½  

¼

z
u{
  ¡
¢}|


lmNl

lmN
Ì
lmN
Í
l



µﬀ¶ø·¹ﬀºz»¼"~½(ﬂr»T7bÄN»KÃ_»NÄNÅVﬂL¼98 OP@Q
QP!@ﬁdTﬁcghX_ À¸ò««
$:
=J>COT2k892
=0="+-;ﬀ<-&W;&)$:IN+12
@ﬀ.c=/&/+1>?$&/.H+1>RXM2
.?.0&)XM>?<-B6!2N&)=
>0$ﬀ&g=?@ﬀDoE:5(6«&/(:,;ﬀ<1&=3>?$ﬀ&g.?2
<1&>?2âXM2
.?.0&)XM>?<-B&)(6oG2,.
+1>'6!2N&=H(ﬀ2,>_6!2>0$ﬀ&3=?@ﬀD :5(6ŁX/:5@="&=G>?$ﬀ&3.?2
<1&S>?2.c:5+F="&
f*UP#d@TcghX_"ﬁdXUTﬁchX_]
i(E>?$&h[.c=C>%X/:
="&
o,>0$ﬀ&[Tq>0.0:,(=?+Q>0+12
(E>0:,,&)=T:^[.c=">L+1(K>0&MU
*
&/.4Y.?2
D>?$&7Xc$:5(ﬀ(ﬀ&)<`mY;NBRX):5<-<1+-(ﬀ*Âd@b×O*UT_^Çcc5psoK:G="&XM2,(6
+-(K>?&/*
&/.4Y.02,DÔ>0$ﬀ&HXc$:5((ﬀ&/<hm;KBX/:,<1<-+1(* d!b%×O*UTv^G9c5psoZ:5(6
=">?2
.?&=h>0$ﬀ&/+-.^="@ﬀD+1(K>?2'+1>0=8:5.?>?+FXM+-8:,(
>^K@ﬀ&/@&'m;KB3X/:5<-<-+1(ﬀ*
a`×n[T_^c\Ùc5pM[(:,<1<-B3+1>qDE:5
&)=7>0$ﬀ&H[.?+-(ﬀ*W254%>0$ﬀ&VXUPY*U
DG&M>0$ﬀ2!6k82K=?=?+-;ﬀ<1&E;NB3+1(=?&/.?>?+-(ﬀ*'>?$& TY[#U'>02,
&/(k+1(K>02>?$ﬀ&
UX_dG8ﬀ<F:,XM&
]
i(>?$&'=?&)X/2,(6X):,=?&,o>?$ﬀ&[Tl>0.0:,(="+1>?+-2,(k>c:5
&)=J:[.c=C>
+-(K>?&/*
&/.f4Y.02,D>?$ﬀ&Xc$:5(ﬀ(ﬀ&)<mY;NBGX/:5<-<-+1(ﬀ*d@b%×O*UXT_^cc5pso\:^="&XsU
2
(6l+-(K>?&)*,&/.74Y.02,D >?$ﬀ&HXc$:,(ﬀ(ﬀ&)<mY;NBlX):5<-<1+-(ﬀ* d@b%×n*UT_^Gc5pMo
:,(6k=C>02,.0&)=>?$&/D +1(K>?2>0$ﬀ&>ST*hYUC#^!_T'8<-:
XM&,orDE:5N+1(*W+Q>
892
=0="+-;ﬀ<-&>?2J[.0&7>?$ﬀ&\f*UP#d@TcghX_"ﬁdXUTﬁchX_DG&M>?$2N6]
x(ﬀ<-B2
(ﬀ&'254h>0$ﬀ&)=?&V[TX/:,(;9&R[.0&)6A:\>E:S>0+1DG&
oL:5(6
>0$ﬀ&ﬂXc$ﬀ2,+FXM&;&/>COT&)&/(q>?$ﬀ&)D«+-=f(2,(!U6!&M>0&/.0DG+1(ﬀ+F=">?+FX5]f­&)8&)(6NU
+-(ﬀ*H2
(SOﬂ$ﬀ+FXc$W254>?$&/Då$:,=;&)&/(W[.?&6oZ&/+1>?$ﬀ&).h>?$&ﬃXUPY*U
DG&M>0$ﬀ2!6J2,.f>?$&ÙfUP#dTchX_ﬁdgUTc@hX_h+F=f[.c:5;ﬀ<-&,]#%$ﬀ+F=Oﬂ+1<-<
X):5@=?&>?$ﬀ&¨OP@QQﬁP!@ﬁdTchX_O!@G>02HX/:,<1<Z>0$ﬀ&7[.c:5;ﬀ<-&72,(ﬀ&
]
Õ$ﬀ&/(_(ﬀ2q&/vﬀXM&/8ﬀ>?+-2,(R$:,=T2NX)XM@ﬀ.0.0&)6o
>?$ﬀ&AXUPY*UqDG&M>?$2N6
+F=X/:,<1<-&)63;NB OP@QQP@ﬁdTcghg_oWO"@Zo+1(k2,.c6!&).7>?2W<-&M>>0$ﬀ&E.?2
<1&
<-&):I
&P>0$ﬀ&R:
Xs>?+-2,(b]'#%$ﬀ&XUP!Y*U'DG&M>?$2N6k+-(!4Y2
.?DE=^>0$ﬀ&'w
:
Xs>?+-2,(=0Xc$ﬀ&)6ﬀ@ﬀ<1&).-N
`W>0$:\>P>?$ﬀ&R8:5.?>?+FXM+-8:5(K>q$:,=^2
(ﬀ&H(ﬀ&)O
+-(K>?&/*
&/.+-(+1>0=J
@&/@ﬀ&lm;NBX):5<-<1+-(ﬀ* N
`T×_#UB
[XQ*UY_^<[`Rc5pso
:,(6³+1(!4Y2
.?DE=k>0$ﬀ&t8:,.">0+-X/+18:5(K>>?$:5>>?$&Ł:,XM>?+-2,(+-=[(!U
+F="$&)6:5(6Ł>0$ﬀ&(N@ﬀDP;&).S254H:
Xs>?+-2,(=W+1(NI
2,<-IK+-(ﬀ*>0$ﬀ&8:,."U
>0+-X/+18:,(K>$:,=>?2«;9&Ł6!&XM.0&/DG&/(K>?&6;NB2,(&mY;NBX/:5<-<-+1(ﬀ*
<×MU*dT
[XQ*UY!"@d@Tcgh_ps]
Õ$ﬀ&/( :5( &MvﬀX/&/8!>0+12
( $:,= 2NX)XM@ﬀ.0.0&)6o >?$ﬀ&
f*UP#d@TcghX_"ﬁdXUTﬁchX_DG&/>?$ﬀ2!6E+F=TX):5<-<1&6E;NB OP!QQP!@ﬁd@TcghX_
O"@Z]\#%$ﬀ+-=fDG&/>?$ﬀ2!6J8&)."4Y2
.?DE=r>?$&.0&)X/2\I,&).?B7254>?$ﬀ&%&).?.02,.f:5(6
&)(:5;ﬀ<-&)=`>?$ﬀ&.?2
<1&h>?2q<-&):I
&%>?$ﬀ&7:,XM>?+-2,(+1>T.0&/DG2\I,&=f>?$ﬀ&>COT2
+-(K>?&/*
&/.c=E4Y.02,D >?$& ST*hXY*UC#^!_T8ﬀ<-:
XM&:5(6t=">?2
.?&=E>0$ﬀ&/Do
jlknmgoﬀoE?j[g"KoŁv,y®
zH{}|Ti4l

zH~H#{
µ 
 N
S

o
z{n


s
{,t{°#± ²1³
µ  ·
zH{}|TX~Hdﬃ{ N
Ì
pp
N
·
LF{ X~HH{.g¸rjgŁ z
{Ł z
o
H{,PFŁ z(°#± ²1³
S ·
PH~F}Ł 
· · S ·
PH~F} ¤
· ·

µ  ·
zF{}|T~HdH{ N
Í
!ppN
·
LF{ X~Hdﬃ{.g¸ jXŁ zﬃ
PH~F
°#± ²1³

 · 
{}Ł 
· ·

 · 
{}} ¤
· ·
S ·
PH~FnŁ £!¤
PH~FX°#± ²1³

 · 
{}Ł 
· ·

 · 
{}} ¤
~F{
»
¢
ºn 
 
ÀÀ¼

½ 
/.2½  

¼

z
n,{
  ¡
¢}|

¡À
.-
z

z
u{
  ¡
n¢}|

 
3H 
ÀÀ¼

½ 

¡À
.-
n ¡

  ¡
n¢
qO4 
 
S


  1


S
~F{




    ¡
¢.£O¤¥
¦
¥ §n¨
©
ª
« ¬ ­
® ¯
® ° ±
µﬀ¶¸·¹ﬀºz»¼ﬀ¼9½(ﬂb»7ÄN»NÃ_»KÄNÅVﬂL¼98 \`hX_S![XQUY À¸ò««
ÕCÆÓÔÓÁÌØfÔG:,6ﬀ6ﬀ+1(ﬀ*3>?$&/D¬@ﬀ8boL+-(>0$ﬀ&8:5.?>?+FXM+-8:5(K>EK@ﬀ&/@ﬀ&a]
ﬂ4>0&/.>?$:5>+1>+-(!4Y2
.?DE=ﬂ>0$ﬀ&Hw:,XM>?+-2,(l=0Xc$ﬀ&6!@ﬀ<-&/.sN
`R>?$:5>
>?$ﬀ&W8:5.?>?+FXM+-8:5(K>G$:,=ÔYÕÌ3(ﬀ&/O +1(K>?&)*,&).0=J+-(g+1>0=EK@ﬀ&)@ﬀ&
m;NB
X/:,<1<-+1(* N
`T×_#UB
[gQ#UY_^k<[`²9c\pMo:5(6õ6!&)X/.?&)DJ&)(K>0=å>0$ﬀ&
(N@ﬀDq;9&/.h2,4:
Xs>?+-2,(=>?$ﬀ&^8:,.">0+-X/+18:5(K>ﬂ+-=%+-(NI,2,<-I,&6H+-(]
#%$& \<
Y*h"[dgUYXM<F:,=0=/o="$2\Oﬂ(+-(°+1*
@ﬀ.?&W|!o="89&)X/+Q[&=
>?$ﬀ&>0$ﬀ.?&:,6q8&)."4Y2
.?DG+-(ﬀ*h>0$ﬀ&³<
Y*h"[dgUY.?2
<1&T254[ÄÒÒåÄJüã"â
Ô<ÆvÌbÊ]f#%$ﬀ&[\<Y*h"X[dXUYﬂ$:,=>?2.?&)DJ2\I
&2,(ﬀ&L+1(K>?&)*,&).4Y.02,Dâ+Q>c=
8:5.?>?+FXM+-8:,(
>
@&/@ﬀ&q:,(6W=?&/(6+1>>02E>?$ﬀ&JXc$:5((ﬀ&/<r8ﬀ.?2\IN+F6!&)6
;NBH>?$&:,Xs>0+12
(m.?&XM&)+1I
&)6R:
=ﬂ:J<12!X/:,<2,;ﬀaC&)Xs>sps]
jlknmgoﬀo´EDÉ®bg"µdŁH:y!®
zF{}|Ti4lmN!nOLH~H{ N
S

o
z{n


s
{ut{°#± ²1³
N
·
LH{ X~Hdﬃ{.g¸ jgŁ z
{Ł z
o
H{,PFŁ z(°#± ²1³
N
·
LF{ X~ﬃdH{1¸rjgŁ z

{}X°#± ²1³
S
· 
{}Ł 
· ·


·
Pﬃ~FnŁ 

¡À
.-
w

w½

¡ºn¾}º ¶½ ¡
~F{
»
¢
ºn 
 
ÀÀ¼

½ 
/.2½  

¼

z
n,{
  ¡
¢}|
z
F
z
q{
  ¡
n¢|

 
3H 
ÀÀ¼

½ 
N
S


· ¸ ¹}º


S
~F{
» ¼ ½ ¾
N
~H{
N
µﬀ¶¸·¹ﬀºz»¼Kï½(ﬂb»7ÄN»NÃ_»KÄNÅVﬂL¼98
\<Y*h"X[dXUY
À¸ò««
#%$&;*UT>?.c:5(="+1>?+-2,(E+F=`>0$ﬀ&/(H[.0:,;ﬀ<-&,K+Q>T>0:5
&)=`:,(H+-(
>0&/*
&/.
4Y.?2
D³>?$ﬀ&8:5.?>?+FXM+-8:5(K>TK@ﬀ&)@ﬀ&:,(6H=">?2,.0&)=`+Q>+1(E>0$ﬀ&Xc$:5(ﬀ(ﬀ&)<
mY;NB^X/:,<1<-+1(*Aa`×OUT_^cc×K× d@b%×n[T_^cc5psos[(:5<-<1B7+1>rDE:5
&)=
>?$ﬀ&³[.0+-(ﬀ* 2,4A;925>0$¿XUP!YU :5(6 f*UP#d@TcghX_"ﬁdXUTﬁcghg_
DG&M>?$2N6=892
=0="+-;ﬀ<-&;NB_+-(=?&/.?>?+-(ﬀ*G>?$&ÆTY
[*UE>?2
,&/(+-(K>?2E>0$ﬀ&
UX_H8ﬀ<-:
XM&
]
Õ$ﬀ&/( (ﬀ2 &MvﬀX/&/8!>0+12
( $:
= ;&)&/( .0:,+-=?&)6 ;KB >?$ﬀ&
\`hX_ﬁS@[XQUY®.?2
<1&
o>?$ﬀ&ÀXUPY*U¬DJ&/>?$ﬀ2!6 +F=X/:5<-<-&)6 ;NB
OP@QQﬁP!@ﬁdTchX_ O"@+-(2,.c6!&).>?2h<-&M>r>?$ﬀ&L.?2
<1&`<-&):I
&f>?$ﬀ&:,XM>?+-2,(]
#%$ﬀ&ÁXUP!YUDG&M>0$ﬀ2!6J+1(!4Y2
.?DE=>0$ﬀ&%8:5.?>?+FXM+-8:5(K>f>?$:\>f>?$ﬀ&h:
XsU
>0+12
(J+F=f[(+-=?$ﬀ&)6G:,(6P>?$ﬀ&h(N@ﬀDP;&).`254:,XM>?+-2,(=f+-(NI,2
<1IN+-(ﬀ*>?$ﬀ&
8:,.">0+-X/+18:5(K>ﬂ$:,=>02J;9&6!&XM.0&/DG&/(K>?&6R;NB_2,(ﬀ&
]
Õ$ﬀ&/( :5( &MvﬀX/&/8!>0+12
( $:
= ;&)&/( .0:,+-=?&)6 ;KB >?$ﬀ&
\`hX_ﬁS@[XQUYt.?2
<1&
oq>0$ﬀ& f*U
P#dTcghg_ﬁdXUTcghX_gDG&M>0$ﬀ2!6+F=
X):5<-<1&6_;NB>OP@Q
QP!@ﬁdTﬁcghX_ZO!@'+-(W2,.c6!&/.%>02H<1&/>h>?$&q.02,<-&^8&)."U
4Y2
.?D=?2,DG&%&/.0.02,.f.?&XM2\I
&/.0B,]i(J>?$ﬀ&hX):,=?&%2549>?$ﬀ&Á\<Y*h![dXUY
.02,<-&,o>0$ﬀ&/.0&'+-=G(ﬀ2(ﬀ&)&)6>?28&)."4Y2
.?D®&).?.02,.J.?&XM2\I
&/.0B,o:5(6
>0$ﬀ&,f*UP#dTﬁcghX_dXUTc@hX_GDJ&/>?$ﬀ2!6l;&)$:I,&=`aC@=">7<1+-,&q>?$ﬀ&
XUP!YUPDG&M>0$ﬀ2!6]
ﬂËÃﬂËÃ %Ã Ä,Zß	@#A5ßXÃ wT2,(K>?.c:,XM> ÈÃÂEÄgX/2,.0.?&="892,(6ﬀ+1(ﬀ*>?2
.0&M[(&/DG&/(K>Å  +F=%DE:,6!&^2,4b4Y2,@.%4Y2,.0Dq@ﬀ<F:5&
]f#%$&7[.0=">%>COT2
ÈÃÂEÄ!ÌoÈ9Â´ÄÍ,oK:,.?&h=?+1DG+-<-:,.`>02>?$2
=?&h254rwT2,(K>0.0:
Xs>qÈﬁÊ/oK&MvﬀX/&/8!>
>0$:\>T>?$ﬀ&@="&).0=T+-(=C>c:5(X/&)=T:5.0&h.?&)8ﬀ<F:,XM&6G;NBJ8:5.?>?+FXM+-8:5(K>L+-(!U
=">0:,(XM&=/]
°ﬀ2
.?DP@ﬀ<-:ÂÈÃÂEÄÇÆJ=">0:\>0&)=>0$:\>Jm"p>?$ﬀ.0&/&J8:,.">0+-X/+18:,(K>0=´È9É
m"Ê ×ÊÔ
pJ:,(6>0$ﬀ&/+-.E.0&)=?8&Xs>?+-I,&=EK@ﬀ&/@ﬀ&=ÌËIÉ^:,.?&XM.0&MU
:5>?&)6hmn|,p7>COT2\<Y*h"X[dXUY'>?$ﬀ.0&):
6ﬀ=^+-(=C>c:5(X/&)=ÎÍ;Ï
Õ
oÐÍ;Ï
Ö
:,.?&'XM.0&):\>0&)6oT:5(6g:*\`hX_S![XQUYS>0$ﬀ.?&:,6+1(=">0:,(XM&ÑÍZÒå+F=
X/.?&:\>?&6rmn
ph+1(K>?&)*,&). ×T+F=h8@!>+-(K>?2RK@ﬀ&)@ﬀ&ﬃË
Õ
oZ:5(6+-(K>?&/*
&/.
Øq+1(K>02qK@ﬀ&/@ﬀ&ZË
Ö
9m~Kp`:ÆOP@QQP!@dTcghX_7+-(=">0:,(XM&uÑ(ÓŁ+-=TXM.0&MU
:5>?&)6%mß,p>0$ﬀ&E.02,<-&)=:,.?&E:5((ﬀ2,@ﬀ(XM&)6Oﬂ+1>?$k>0$ﬀ&H.0&)=?8&Xs>?+-I,&
>0$ﬀ.?&:,6ﬀ=)mîKp[(:5<-<1BG>0$ﬀ&/.0&:,.?&>COT2P82K=?=?+-;ﬀ<1&2,@ﬀ>0XM2
DG&)=%:\4U
>0&/.h>0$ﬀ&GwÊ:,XM>?+-2,(W&/(6ﬀ=/&/+1>?$&/.>?$ﬀ&JXM2,(="@ﬀDG&).K@ﬀ&/@ﬀ&$ËIÔ
X/2,(K>0:,+1(=>0$ﬀ&=?@ﬀD'×5ÞØo52
.>?$&/.0&ﬂ$:,=;9&/&)(H="2
DG&ﬂ8ﬀ.?2
;ﬀ<-&/D
:,(6H>0$ﬀ&K@ﬀ&/@&6Ë
Ô
XM2
(K>0:5+-(=;925>?$û×:5(6Ø]
°ﬀ2
.?DP@ﬀ<-:>È
ÂEÄÇÕ
+-==?+-DJ+-<F:5.^>024Y2,.0Dq@ﬀ<F:>È
Â´ÄÇÆ
]HiV>P=">0:\>0&)=
>0$:\>b+1>r+F=ÊRÌÔKÅÌ­ËËÆvÙ"ÛÞÂT>?$:5>:\4>0&/.b>?$ﬀ&`&)(6^2,4%OP!QQP!@ﬁd@TcghX_
Ñ(Ó>?$ﬀ&P>?$.?&)&PK@ﬀ&/@&)=:5.0&q&/DG8!>CB
om>CO2R+-(
>0&/*
&/.c=u×ﬂ:5(6iØ
<-2
=">cpMo!2,.hK@ﬀ&/@&6ËIÔ^XM2
(K>0:5+-(=2,(<1B ×mY+-(K>?&/*
&/.ØG<-2
=">cpM]
Û!ÖØ×
Ì
ÝªßﬁàÙá#âqãäHåæﬀç5èæﬀéÉß!Ùí¯ãäHåæﬃç5èæﬃéÉß!ÙîãäHåæﬀç5èæ5é
ß!Ù
í
ã1ï@ðæHå ç¯äFèñò:óôõ}öéÉß!Ù
î
ãï!ðæHå ç¯äFèñò:óô ÷!ö}é
ß!ÙXîÇã1åæHðï!ø èﬀôõù\÷!öé
Û!ÖØ×
ÍÝªßﬁàÙá#âqãäHåæﬀç5èæﬀéÉß!Ùí¯ãäHåæﬃç5èæﬃéÉß!ÙîãäHåæﬀç5èæ5é
ß!Ùí¯ã1ï@ðæHå ç¯äFèñò:óôõ}öéÉß!ÙXîãï!ðæHå ç¯äFèñò:óô ÷!ö}é
ß!Ù
í
ã1ï@ðæHå æFúñ èéÉß!Ù
î
ãåæHðï@ø èﬃôõXù\÷!öé
Û
ÖØ×
Æ
ÝÛÚiôß9ÜkÝ!ãqÞ:æFèﬀôõù\÷!ö}éÚùMô1ßÃÜkÝ!ãuÞ:æFè5ôõöéÉß9ÜkÝ!ãqÞ:æFèﬀô÷öé%ö1ö
Û!ÖØ×
ÕqÝÛÚ=ßWô1ôß9Ü:í:ãñðqàÃáÁâ!è}ãéÉß9Ü5îÇã1ñðqàÃáÁâ!è}ã@éÉß9ÜkÝã1ñðà9áÁâ!è}ã!é%öù
ô1ß9Üí:ã1ñðà9áÁâ!è}ã!éÉß9ÜﬀîÇãñðàÃáÁâè}ã!é
ß9ÜkÝãuÞ:æHèﬃôñöéÉßÃÜkÝã1ñðà9áÁâ!è}ã@é%ö1ö
Oﬂ$&/.0&,
ÚÝªßﬁàÙáâqã1äHåæﬃç5èæﬀé
ß!Ùí5ãäHåæﬀç5èæ5éÉß!ÙXîÇã1äHåæﬃç5èæﬃéÉß!ÙÝÇãäHåæﬃç5èæﬀé
ß9Üí¯ã1äHåæﬃç5èæ5éÉß9Ü5îãäHåæﬀç5èæﬀéÉß9ÜkÝãäﬃåæﬃç5èæﬃé
ßdäÛåﬁí5ãó!æMæèç}éèêåòIë@ï@äHæHå5ô Ùí
o
Ü:íﬃöé
ßdäÛå*îãó!æMæèç}éèêåòIë@ï@äHæHå5ô ÙXî
o
Üﬀî¯öé
ßdäÐì(ã1ó@æOæèç}éØíò:ó@ðïmáÙæHåHô}áì
o
ÙÝ
o
ÜkÝ:öé
ß9Üí¯ãuâ@ïè5ôõöéÉß9Üﬀîãqâ!ï!è5ô ÷!ö}éÉßâÐîÞãó!æMæèçuï çGáÁá çGð%äFèñò:ó!é
ßﬁâÐîã1ñómð(äFèñò:óô.äØå í
o
êﬁåòRë!ï@äHæﬃåöé
ßﬁâÐîã1ñómð(äFèñò:óô.äØå*î
o
êﬁåòRë!ï@äHæﬃåöé
ßﬁâÐîã1ñómð(äFèñò:óô.äÛì
o
íò:ó@ðïmáÙæHåöé>ã
Bh&M[(ﬀ&)DG&/(K>ñÅ  :,XM>?@:,<1<-B=?:5>?+F=C[&=ﬂ>0$ﬀ+-=XM2
(K>?.c:,Xs>]ﬂiV>+F=
:XM2
.?.0&)XM>L.0&M[(ﬀ&)DG&/(K>L254=?8&XM+1[X/:5>?+-2,( & =?+-(XM&XM2,(K>0.0:
Xs>qÈﬁÊ
+-=h+1(X/<1@6!&)6kmYDG2!6!@ﬀ<-2E.0&/(:,DJ+-(ﬀ*Np`+-(WXM2,(K>0.0:
Xs>uÈÃÂEÄN]
ß%,òh ó
¾
£
¾

¦³¥
¤C¢
¦
¢b
¼f¾0¼! "

i(>?$ﬀ+F=b=?&)XM>?+-2,(^O&L="$2\O$2\O3O&`$:I
&+1DG8ﬀ<-&/DG&/(K>0&)67>0$ﬀ&
­
uí
:5DGDE:=?BN=">?&)Dä@="+-(ﬀ*>0$ﬀ&3K:I\:k8ﬀ.02,*,.c:5DGDG+-(ﬀ*k<-:,(!U
*,@:,*,&g}QRmK:I\:gxsB C Bﬂ&)DJ2,>?&W&/>?$ﬀ2!6ti(NI
2NX):\>0+12
(U
BhWi+-=h@="&6H>02H6!+F=C>0.?+-;ﬀ@!>0&^2,;!aC&Xs>0=cps]
#%$&7wŁ:
Xs>0+12
(R=?Xc$&)6!@ﬀ<-&/.T$:,=L;&)&/(H+-DG8ﬀ<-&/DG&/(K>?&6R:
=L:
.?&)DG25>?&2,;!aC&Xs>T>?$:5>X/:,(H;9&:,X)XM&=?=?&)6G;NBJ>?$ﬀ&8:,.">0+-X/+18:,(K>0=
>?2E+-(!4Y2,.0D >0$ﬀ&=0Xc$ﬀ&)6!@<1&).ﬂOﬂ$ﬀ&/('>?$&/B:5.0&TaC2
+1(+1(ﬀ*J>0$ﬀ&q=?BN="U
>?&)D'oOﬂ$ﬀ&)(A>0$ﬀ&/BA:5.0&'Oﬂ+-<-<1+-(ﬀ*>?2k<-&):I,&_>?$&=?B!=C>0&/Do%:5(6
&/I
&/.0Bq>0+1DG&h>0$ﬀ&/BG*
&M>:(ﬀ&/O(N@ﬀDP;&).T+-(E>?$&/+-.T<-2!X/:5<9K@ﬀ&/@ﬀ&
]
e:,.">0+-X/+18:5(K>0=:,.?&%+-DJ8<1&)DJ&)(K>?&)6E:
=.0&/DG25>0&%:,8ﬀ8ﬀ<-&M>c=f>?$:5>
X/:,(J;9&h:,X)XM&=?=?&)6P;NB^>?$ﬀ&wŁ:,Xs>0+12
(J=0Xc$ﬀ&6!@ﬀ<-&/.2,.;NB2,>?$ﬀ&).
8:5.?>?+FXM+-8:,(
>c=/]kL:
Xc$8:,.">0+-X/+18:,(K>q$:,=J:3<12!X/:,<K@ﬀ&)@ﬀ&3m<12,U
X/:,<2,;!aC&Xs>cp>0$:\>=">?2,.0&)=>0$ﬀ&G(K@Dq;9&/.c=7254T+1>0=7<-2!X/:,<Dq@ﬀ<1>?+1U
="&/>)]#%$ﬀ+-=<-2NX):5<
@&/@ﬀ&+-DG8ﬀ<-&/DG&/(K>0=+1>0=2,89&/.c:\>0+12
(=m}[T[`
*UXTﬀp@=?+1(ﬀ*W:'DG2,(ﬀ+1>?2
.^=C>CBN<-&G:,8ﬀ8ﬀ.02
:
Xc$m:,<1<DG&M>0$ﬀ2!6ﬀ=:,.?&

:I\: SR
_d!bY*hX_WcmôU"3DJ&/>?$ﬀ2!6ﬀ=cps]T:,Xc$g8:5.?>?+FXM+-8:5(K>H$:
=
:5<F="2W:<-+-=">q2,4\OP@QQP@ﬁdTcghg_2,;ﬀaC&)Xs>c=^+-(Oﬂ$+-Xc$k+1>P:5<-O:B!=
8&)."4Y2
.?DE=h>?$ﬀ&idghX_S@[XQﬁUYH.02,<-&,o+n] &,]Oﬂ$ﬀ&/(3:_w:
Xs>?+-2,(l+1(
>?$:5>L8:,.">0+-X/+18:,(K>f+F=`:
Xs>?+-I\:\>0&)6o,>?$ﬀ&)(J+1>L8:,.">0+-X/+18:\>?&=f+1(J>0$ﬀ&
OP!QQP!@ﬁd@TcghX_:,=MdXhg_S@[XQUXYjm>0$ﬀ&w :,XM>?+-2,(Ł=0Xc$ﬀ&6!@ﬀ<-&/.
Oﬂ+1<-<b=?&M>ﬂ>0$:\>sps]
°+-*,@ﬀ.0&ŁŁ=?$ﬀ2\Oh=l>?$ﬀ& OP!QQP!@ﬁd@TcghX_t2,;!aC&Xs>:5(6+Q>c=
.?2
<1&=/]#%$ﬀ&Sw:,Xs>0+12
(2
;!aC&)XM>P+F=JX/2,DG892
=?&)62,4:3=?&M>G254
+1(K>0&/.0(:5<h2
;!aC&)XM>0=)oTOﬂ$+-Xc$:5.0&@=?&)6g2,(ﬀ<-B;NB>0$ﬀ&3w :
XsU
>?+-2,(.?2
<1&=H+-(Ł2,.c6!&).R>02&MvﬀXc$:,(ﬀ*,&lI:,<1@&)=)o+z] &
]Ê>02AX/2,DJU
Dq@ﬀ(+-X):\>?&
:=?&M>2,4T&MvN>0&/.0(:5<2
;!aC&)XM>0=>?$:\>^>?$&E.?2
<1&=7Oﬂ+1<-<
:,X)XM&)=0=^+-(:5(:5>?2,DG+FXGO:BZ:WDE:5(:5*,&).7>?$:5>q+F=.0&)=?82
(="+1U
;ﬀ<-&P4Y2
.^.?&XM2\I
&/.0+1(ﬀ*H>?$ﬀ&Rw:,XM>?+-2,(34Y.?2
DÔ82K=?=?+1;<1&G&/.0.02,.c=/o
:5(64Y2,.G8ﬀ.0&MU=?BK(Xc$ﬀ.?2
(ﬀ+F="+-(ﬀ*l:,(6892
=">"U=?BK(Xc$ﬀ.?2
(ﬀ+F="+-(ﬀ*W>0$ﬀ&
8:5.?>?+FXM+-8:,(
>c=/:5(6A>?$&W.?2
<1&=J>?$:5>H>?$ﬀ&W8:5.?>?+FXM+-8:5(K>0=HOﬂ+1<-<
&Mv!&)X/@!>?&
]i(2
.06ﬀ&/.G>?2&/v!&)XM@ﬀ>?&l:k.02,<-&+1(t:w :
Xs>0+12
(o
>?$ﬀ&8:5.?>?+FXM+-8:5(K>0='DP@=C>W;9&k+1(!4Y2
.?DG&6:,;2
@!>>?$ﬀ&:,XM>?+-2,(
:5(6g>0$ﬀ&S.02,<-&>?$ﬀ&)B$:I,&'>?2&Mv!&)X/@!>?&
=?@Xc$+1(ﬀ4Y2,.0DG:5>?+-2,(
Oﬂ+1<-<b;9&8ﬀ.02\IN+-6ﬀ&)6_;KB_>?$&Jw:,XM>?+-2,(W=?Xc$&)6!@ﬀ<-&/.@="+-(ﬀ*G>0$ﬀ&
SXUg_dOP@Q
QP!@ﬁdTﬁcghX_lDG&M>0$ﬀ2!6254>?$ﬀ&l8:5.?>?+FXM+-8:5(K>c=/]jx(XM&
õ õ õ õ
õ õ õ õ
õ õ õ õ
õ õ õ õ
õ õ õ õ
õ õ õ õ
õ õ õ õ
ö ö ö ö
ö ö ö ö
ö ö ö ö
ö ö ö ö
ö ö ö ö
ö ö ö ö
ö ö ö ö
÷ ÷ ÷ ÷ ÷
÷ ÷ ÷ ÷ ÷
÷ ÷ ÷ ÷ ÷
÷ ÷ ÷ ÷ ÷
÷ ÷ ÷ ÷ ÷
÷ ÷ ÷ ÷ ÷
÷ ÷ ÷ ÷ ÷
ø ø ø ø
ø ø ø ø
ø ø ø ø
ø ø ø ø
ø ø ø ø
ø ø ø ø
ø ø ø ø
ù ù ù ù
ù ù ù ù
ù ù ù ù
ù ù ù ù
ù ù ù ù
ù ù ù ù
ù ù ù ù
ú ú ú ú
ú ú ú ú
ú ú ú ú
ú ú ú ú
ú ú ú ú
ú ú ú ú
ú ú ú ú
û ü ý þ ß      ß  ü   
sendGammaAction(where,role,caId)
inAction(role,name,
in[],out[])
GammaAction
sendGammaAction(where,role,caId)
se
n
dG
am
m
aA
ct
io
n(w
he
re,
rol
e,c
aId
)
participant
 
ý ü 
 	
 ß 
  ü  ý  
channel
ü  ý ü 
 	
 ß 
  ü  ý 
localQueue
localQueue localQueue
secondProducer
firstProducer
consumer
participant
participant
µﬀ¶ø·¹ﬀºz»¼
¥½ﬂÇ!»l÷ò!ÃÃ_òﬀñô\ÅM¶¸ÁÄÑ:?»,ô\Å
>0$ﬀ&8:,.">0+-X/+18:5(K>0=WN(ﬀ2\O >0$ﬀ&A:
Xs>?+-2,(«:,(6j>?$&.02,<-&>?$ﬀ&)B
$:I
&%>?2P&Mv!&)X/@!>?&
o,>0$ﬀ&/BE:,XM>?+-I\:\>?&>?$ﬀ&:,XM>?+-2,(E;NBEX/:5<-<-+1(ﬀ*>?$ﬀ&
c!_@ﬁd@TcghX_lDG&M>0$ﬀ2!6+-(>0$ﬀ&':
Xs>0+12
(2,;!aC&Xs>G="&)(6!+-(ﬀ*3+-(!4Y2
."U
DE:\>0+12
(A:,;2
@!>P>0$ﬀ&/+-.G<12!X):5<ﬂK@ﬀ&/@ﬀ&=/]#%$&)=?&_<-2!X/:5<ﬂK@ﬀ&)@ﬀ&)=
:,.?&P;2
@ﬀ(6l>?2Sw³:
Xs>0+12
(=6ﬀBK(:5DG+-X):5<-<1B
]q#%$ﬀ&Âc!_@ﬁdTcghg_
DG&M>0$ﬀ2!6$:5(6!<-&)=P>0$ﬀ&R>c:,=?!=P2,4h>?$&Swå:
Xs>?+-2,(ADE:5(:,*,&/.
:
=S6!&)=0XM.0+-;&6j:,;2\I
&,o^:5(6â&/(:,;ﬀ<1&=>?$&8:5.?>?+FXM+-8:,(
>c='>?2
89&/.?4Y2,.0D®>?$&/+-.E.?2
<1&;NBX/:,<1<-+-(ﬀ*>?$ﬀ&WDG&M>0$ﬀ2!6ﬀ=ûdXhX_S![XQUYZo
ﬁc@YﬁS@T<Y*h"X[dXUYZo5:5(6MSXU*dXhX_d"<
Y*h"[dgUYZ]
h<-<^wÒ:,XM>?+-2,(=R+1(t2
@ﬀ._=?B!=C>0&/D :5.0&W+-DJ8<1&)DJ&)(K>?&)6:,=
2
;!aC&)XM>0=)oﬀ:5(6R>?$ﬀ&q.?2
<1&=T2,4f=?@Xc$:,XM>?+-2,(=ﬂ:,.?&7+-DJ8<1&)DJ&)(K>?&)6
:
=DG&M>0$ﬀ2!6ﬀ=J254ﬂ>?$&)=?&R2,;ﬀaC&)Xs>c=_mÄãÔ<ÆvÌbÊ+-=J:5(GÌÙÂãÔzÃyÌbÛÜÂ
+F=G:ÒåÂ"ÔÝÁ>ÌhÇ2,4>?$+-=J2,;ﬀaC&)Xs>sps]g­+1Ú9&).?&)(K>E:,8ﬀ8ﬀ.02
:
Xc$ﬀ&)=q4Y2,.
+-DG8ﬀ<1&)DG&/(K>?+-(ﬀ*_wâ:,XM>?+-2,(=ﬂX):5(';&74Y2
@ﬀ(6'+1(}1)éV]
#%$ﬀ&XM2!6!&4Y2
.ﬂ>?$ﬀ&dXhX_S@[gQUYG.?2
<1&72,4b>?$&ÆOP!QQP!@ﬁd@TcghX_
X/<-:
=?=+F=^="$ﬀ2\Oﬂ(3;&)<12\O^]G=^=?$ﬀ2\Oﬂ(3+1(k°+1*
@ﬀ.?&EîoZ>?$ﬀ&HX/2,(!U
=?@ﬀDG&/.R[.0=">_.0&)X/&/+-I,&=H:5(t+-(K>?&)*,&/.R4Y.?2
D &):,Xc$2,4^>?$ﬀ&l>COT2
8ﬀ.02!6!@X/&/.c=/]ﬂ4>?&).L>0$ﬀ&X/2,(=?@ﬀDG&/.L$:,=L.?&XM&/+-I,&6J;2,>?$H(N@ﬀDJU
;9&/.c=/o!+1>=?@ﬀDE=%>?$ﬀ&)D´@ﬀ8W:,(6_>?$ﬀ&)(=">?2
.?&=>?$ﬀ&^.0&)=?@ﬀ<1>ﬂ+1(+1>0=
<-2!X/:5<DP@ﬀ<1>?+F="&/>)]LiV4:5(NBK>?$+1(ﬀ*G*
2K&=%Oﬂ.?2
(ﬀ*E6!@ﬀ.0+1(*G>?$ﬀ&X/2,(!U
=?@ﬀDG&/.7:,XM>?+-IK+1>CB,o9>0$ﬀ&/(:5(l&/vﬀXM&/8ﬀ>?+-2,(S+F=.0:,+-=?&)6W:,(6l=">?2
.?&6
+-(>?$ﬀ&-UﬁdXUTﬁcghX_EI\:5.0+-:,;ﬀ<1&Hmn="&)&ZdXPTd@b ^ﬁdgUTcghg_aU9c
;ﬀ<-2!Xck;&)<12\OpM] C&M4Y2,.0&H>0$ﬀ&XM2,(="@ﬀDG&).GX):5([(ﬀ+-=?$g+Q>c=J:
XsU
>0+1IN+1>CB,o+1>&Mv!&)X/@!>?&=>?$ﬀ&Ìﬁc!_#PeeXR;ﬀ<-2NXcZ]Ji(>?$ﬀ+F=7;ﬀ<-2NXcl+Q>
(ﬀ2,>?+1[&)=J>0$ﬀ&3wÔ:,XM>?+-2,(gDE:5(:,*,&/.G:5;92,@ﬀ>R:5(NB&MvﬀXM&)8!>?+-2,(
>0$:\>q$:,=^;9&/&)(.0:,+-=?&)6k6!@ﬀ.0+-(ﬀ*W>?$&H&Mv!&)X/@!>?+-2,(k2,4%+1>0=PXM2!6!&
;NBX/:,<1<-+1(*S>?$&ÂU!ﬁdgUTcghg_f*U#SXheg[Tc@hX_DG&M>?$2N6]iV4>?$ﬀ&
X/2,(=?@ﬀDG&/.$:,=(ﬀ2,>.c:5+F=?&)6l:,(NB'&/vﬀXM&/8ﬀ>?+-2,(oZ>0$ﬀ&/(3>?$ﬀ&EX):5<-<QU
+-(ﬀ*2547>0$ﬀ&ªU!ﬁdgUTcghg_f*U#SXheg[TﬁchX_lDG&/>?$ﬀ2!6+F=H@=?&)6g;NB
>0$ﬀ&Ew:
Xs>?+-2,(3DE:5(:,*,&/.>?2(ﬀ2,>?+14YB>?$ﬀ&EXM2
(=?@ﬀDG&/.7:5;92,@!>
892
=0="+-;ﬀ<-&&MvﬀX/&/8!>0+12
(=.c:5+F=?&)6';NB_>0$ﬀ&q8.?2!6!@X/&/.c=/]iV4`(ﬀ25UV2,(ﬀ&
$:
=`.c:5+F="&6E:5(NBG&MvﬀXM&)8!>?+-2,(R+1(E>0$ﬀ& OP@QQP!@dTcghX_Zo>0$ﬀ&/(R>?$ﬀ&
X/2,(=?@ﬀDG&/.qX):5([(ﬀ+F=?$+Q>c=q&/vN&XM@!>0+12
(]'i(k>?$ﬀ&'XM2!6!&H;9&/<-2\O
O&_:,<-=?23=?$ﬀ2\O$ﬀ2\O>0$ﬀ&&MvﬀXM&)8!>?+-2,( f*UP#dTﬁcghX_dXUTchX_
OT2
@ﬀ<F6k;&H$:5(6!<-&)6o+z] &,]>?$&E>COT2W+-(K>?&)*,&/.c=:,.?&H=">?2
.?&6k+1(
>?$ﬀ&GK@ﬀ&/@&q254>0$ﬀ&q8:5.?>?+FXM+-8:5(K>89&/.?4Y2,.0DG+1(*E>?$ﬀ&GXM2
(=?@ﬀDG&/.
.?2
<1&
]_(KB&MvﬀX/&/8!>0+12
(.c:5+F=?&)66!@ﬀ.0+1(ﬀ*>0$ﬀ&H$:,(6!<-+1(*S254ﬂ:5(
&MvﬀXM&)8!>?+-2,(_Oﬂ+1<-<X/:,@="&>?$ﬀ&wj:,Xs>0+12
(HDG&)Xc$:,(ﬀ+F="D³>?2J.c:5+F="&
:P4:5+-<1@ﬀ.0&^&MvﬀX/&/8!>0+12
(R>02P>0$ﬀ&^&/(XM<-2
=?+1(ﬀ*EX/2,(K>?&/vK>} á\V]
ﬀﬁﬃﬂ "!#ﬀ$&%ﬃ!('*),+(-ﬃ/.10ﬁﬃ2ﬂ3%"4"ﬁ3'ﬂ5768ﬂﬃ9"!(:*)<;2=#%33ﬂ(!('?>
;2=#%33ﬂ(!('5ﬃ=#%33ﬂ(!('A@<'2+#B2BDC
E
'ﬂﬃFﬃG'2+(-/HJIK'2+(-LMC
4'ﬂA),+(-NC
ﬂ22OA>
'2+(-/HP@Q.
E
'ﬂﬃFﬃ6R7H,S39"ﬁ3'2'"BMTU"%3*ﬀV.,6JC
'2+(-LG@Q.
E
'ﬂﬃFﬃ6R"L2S39"ﬁ3'2'"BMTU"%3*ﬀV.,6JC
),+(-W@<'2+(-/HVTX4'ﬂﬃY"ﬁB(+"V.,6GZG'2+(-L[TX4'ﬂﬃY"ﬁB(+"V.,6JC
\TUﬀ-7!3ﬂ](+"3+"ﬃ0ﬃ+ﬂ/.4),+(-/6JC
^
%3ﬁﬃﬂ#%,9_.1;2=#%33ﬂ(!('5*6<>
ﬃ=#%33ﬂ(!('A@ MC
^P`
4'"ﬁB2B3Oa>
ﬂ22OA>
ﬃ=#%33ﬂ(!('2b"")ﬃ!2B(+ﬂ(!('D.Xﬃ=%33"ﬂ(!('J6JC
^
%3ﬁﬃﬂ#%,9_.b"2ﬁ"%(ﬂ(!(';2=#%33ﬂ(!('Q*6<>
\TUﬀ-7!3ﬂ](+"3+"ﬃ0ﬃ+ﬂ/.'2+(-/H26JC
\TUﬀ-7!3ﬂ](+"3+"ﬃ0ﬃ+ﬂ/.'2+(-L*6JC
^dc2cfe"g3h"i7j,k,h(lRm7nﬃoGn*p4e#q3oGq(r#s2qtup3k3n3hv
^
^
#%$&äXM2!6!&¬4Y2,.Ô>0$ﬀ& ﬁc@YﬁS@T<Y*h"X[dXUYä.02,<-&®254>0$ﬀ&
OP!QQP!@ﬁd@TcghX_kX/<-:
=?=H+-=H=?$ﬀ2\Oﬂ(;9&/<-2\O^]yh2,>?+FXM&W>0$:\>':5(NB
&MvﬀXM&)8!>?+-2,(.c:5+F="&6'+1(>0$ﬀ&.02,<-&,o!2,.+1(>0$ﬀ&ÆOP@Q
QP!@ﬁdTﬁcghX_o,+F=
6!&):,<Q>hOﬂ+1>?$+-('>?$ﬀ&=0:5DG&7O:BH:
=%+1('>0$ﬀ&dXhg_S@[XQUXYJ.02,<-&,]
ﬀﬁﬃﬂ "!#ﬀ$
`
ﬀ#)(ﬂ202"!3$ﬃ+*%3ﬃ/.10ﬁﬃ2ﬂ3%"4"ﬁﬃ'ﬂ5768ﬂﬃ9"!(:*)
;2=#%33ﬂ(!('a>
;2=#%33ﬂ(!('5ﬃ=#%33ﬂ(!('A@<'2+#B2BDC
4'ﬂd'2+(-NC
ﬂ22OA>
7H,S39"ﬁ3'2'"BMT)33'$/.'"3:
E
'ﬂﬃFﬃ/.\TUﬀ-7!3ﬂ](+"3+"ﬃwﬃﬂD.,62626/C
^
%3ﬁﬃﬂ#%,9_.1;2=#%33ﬂ(!('5*6<>
ﬃ=#%33ﬂ(!('A@ MC
^P`
4'"ﬁB2B3Oa>
ﬂ22OA>
ﬃ=#%33ﬂ(!('2b"")ﬃ!2B(+ﬂ(!('D.Xﬃ=%33"ﬂ(!('J6JC
^
%3ﬁﬃﬂ#%,9_.b"2ﬁ"%(ﬂ(!(';2=#%33ﬂ(!('Q*6<>
c2c&i2nRh"n*p4e*k,h(l[x
^dc2cfe"g3h"i7j,k,h(lRm7nﬃoGn*p4e#q3oGq(r#s2qtup3k3n3hv
^
^
ﬂ0Ã ËÃÃÅÄÆﬁZßÇ	*A,ßXÃ
wT2
(K>?.c:,Xs>zy|{~}ﬀ*olX/2,.0.?&="892,(6ﬀ+1(ﬀ*
>?2W>0$ﬀ&_K:I\:'8ﬀ.?2
*,.c:5Dob+F=DE:
6!&H254%4Y2
@ﬀ.4Y2
.?DP@ﬀ<-:,&HXM2
.?.0&MU
="892,(6!+1(*3>02l>0$ﬀ&'4Y2,@ﬀ.J4Y2
.?DP@ﬀ<-:,&_2,4XM2
(K>?.c:,Xs> ÈÃÂEÄN]g#%$ﬀ&
="BN(K>0:5v254>?$ﬀ&'4Y2,.0Dq@<-:,&_+F=E="<-+-*,$K>?<-B6!+1Ú9&).?&)(
>H=?+1(XM&+Q>E+F=
:,6ﬀ:,8!>?&6E>02q>0$ﬀ&8.?2
*,.c:5D]#%$&X/.?&:\>?+-2,(R254>0$ﬀ&=?B!=C>0&/D+F=
.?&)8ﬀ.0&)=?&/(K>?&6;NB^>?$&h=C>c:5.?>f2,4>0$ﬀ&QP#c!_^DG&M>0$ﬀ2!6P2,4>0$ﬀ&ﬂ8ﬀ.025U
*,.c:5DömY8ﬀ.02\IN+-6!&6;NBtwT<-:
=?=Z`"@*N#d@b*U"[e
UXY*NUYYUY!ps]#%$ﬀ&
XM.0&):5>?+-2,(W254`+-(=">0:,(XM&=+F=(25>?&6W;NBÚ×
Q
`*eP#SST*P!QUK]°ﬀ2,.+-(!U
=C>c:5(X/&W+1(=C>0.?@XM>?+-2,(ÌÈ
Õ?
(ﬀ&)O e:5.?>?+FXM+-8:5(K>ch8ﬀ8ﬀ<-&M>mnpJ+F=
(ﬀ25>0&)63+1(Sg;KBVÈ
Õ
Q
e:5.?>?+FXM+-8:5(K>ch8ﬀ8ﬀ<-&M>)]G#%$&J+-(K>?&).0:
XsU
>?+-2,(EOﬂ+1>?$G>0$ﬀ&@=?&/.L;KBPDG&):5(=`2549>?$&
í
Óhi+F=&Mv!8ﬀ.0&)=0=?&)6J;NB
DG&):,(=254>?$&JK:I\:iP#d@TcghX_ DG&M>0$ﬀ2!6W>0$:\>7+1(K>0&/.cXM&/8ﬀ>0=>?$ﬀ&
&)I,&/(K>c=^mY&,] *]:J@=?&/.ﬂ&)(
>0&/.0+1(*G:,(+1(K>?&)*,&).+-(W:G#b&/vK>c°+1&)<-6pM]
i(ElW+Q>`+F=`(25>?&6JOﬂ+Q>0$G>?$ﬀ&ﬂ(:,DG&ﬂ2549>?$ﬀ&X/2,.0.?&="892,(6!+1(*
í
ÓiX/2,DG82
(ﬀ&/(K>]
Ú\\12
Ì
Ýªß ìÐî(áë,ﬀìﬃ"ﬃì¯ã,á ç¯ñó!éÉß!Ùí5ãqê#ç¯å1èñäHñrâç¯óèðØâmâ@øæFèFé
ß"Ù î ãuê#ç¯åèñäHñrâç¯óèðØâmâ@øæFèFéÉß!Ù í ãç¯äFèñò:ó ó@æOæËïmáŁgæHåHôõö}é
ß"ÙXîÇãç¯äFèñò:ó ó!æMæËïmáŁgæHåﬃô ÷!ö}éÉß!Ùîãç¯äFèñò:ó åæHðï@ø èﬃôõXùÆ÷öé
Ú\\12
Í
Ýªß ìÐî(áë,ﬀìﬃ"ﬃì¯ã,á ç¯ñó!éÉß!Ùí5ãqê#ç¯å1èñäHñrâç¯óèðØâmâ@øæFèFé
ß"ÙXîÇãuê#ç¯åèñäHñrâç¯óèðØâmâ@øæFèFéÉß!Ùí5ãç¯äFèñò:ó ó@æOæËïmáŁgæHåHôõö}é
ß"Ù î ãç¯äFèñò:ó ó!æMæËïmáŁgæHåﬃô ÷!ö}é
ß"Ùí¯ãç¯äFèñò:ó *ñó@ñð1!éÉß!ÙXîÇãç¯äFèñò:ó åæHðï!ø èﬀôõXù¨÷!öé
Ú\\12
Æ
ÝÛÚ ô1ßÃÜkÝ!ãuÞ:æFè5ôõXùÆ÷öéiùªô1ß9ÜÝÇãÞ:æFè5ôõö}éÉßÃÜkÝ!ãuÞ:æFè5ô ÷!öé%ö1ö
Ú\\12
Õ
ÝÛÚÌßôô1ß9Üí:ã1ñðà9áÁâ!è}ã@éÉß9ÜﬀîÇã1ñðàÃáÁâè}ã!éÉß9ÜÝÇãñðqàÃáÁâ!è}ãé%ö
ù
ôß9Ü í ãñðqàÃáÁâ!è}ãéÉß9Ü î ã1ñðqàÃáÁâ!è}ã@é
ßÃÜkÝãuÞ:æFè5ôõöéÉß9ÜkÝ!ã1ñðàÃáÁâè}ã@é%öö
Oﬂ$ﬀ&/.0&,
ÚÝMßÃìÐî á#ë(ﬀì3#ﬃì¯ãuá ç¯ñó!éÉß!Ùí5ãqê#ç¯å1èñäHñrâç¯óèðØâmâ@øæFèFé
ß!Ùîãê#ç¯åèñäHñrâç¯óèðØâmâ@øæFèFéÉß!ÙÝÇãqê#ç¯å1èñäHñrâç¯óèðØâmâ@øæFèFé
ß9Ü í ãqê~(ï!æﬃï!æﬀéÉß9Ü î ãqê(ï@æHï@æﬀéÉß9Ü Ý ãqê~(ï@æHï@æﬃé
ßdäÛåﬁí:ãué@åæﬀçGëô Ùí
o
ÜíHöéÉßdäØå*îãqé@åæﬃçGëô ÙXî
o
Ü5î5öé
ßdäÐì(ãqé@åæﬃçGë
ôá9ì
o
ÙÝ
o
ÜÝ:ö}éÉß9Üí:ãuâ@ï!èﬀôõ}öéÉß9Ü5îãuâ@ïè5ô ÷!öé
ßﬁâÐîãnï çGáÁá çGð(äFèñò:óéÉßâÐîÞã1ñómð(äFèñò:óô.äØåﬁí
o
êﬁåòRë@ï!äﬃæHåöé
ßﬁâÐîãñómð(äFèñò:ó
ô.äØå
î
o
êﬁåòRë!ï@äHæﬃåFöé
ßﬁâÐîãñómð(äFèñò:ó
ô.äÛì
o
íWò:ó!ðïmáÙæHåöé>ã
#%$ﬀ+F=bXM2
(K>?.c:,Xs>+F=:
Xs>?@:5<-<1B=?:5>?+F=C[&6;KB>?$&`8ﬀ.02,*,.c:5Do/=?+-(XM&
+1>`.?&)<1+-&)=f2
(J=?&/I
&/.c:5<N8ﬀ.02,89&/.?>?+-&)=f*
@:5.c:5(K>?&)&)6q;KBq>?$ﬀ&w:
XsU
>0+12
(=LmnwTiC­8ﬀ.02,89&/.?>CB,o)>?$&L.0&)XM2\I
&/.0BhOﬂ$ﬀ&)(7>?$ﬀ&ﬂwT2,(=?@ﬀDG&/.
X):5(ﬀ(ﬀ2,>DE:5
&^>?$ﬀ&P="@ﬀDo:5(6'>?$ﬀ&q4:,Xs>>?$:5>(ﬀ2R(K@Dq;9&/.+F=
<-2
=">P6!@ﬀ.0+-(ﬀ*W>?$&RXM2
DJ8@!>0:5>?+-2,(pM]l#%$ﬀ+F=qXM2
(K>?.c:,Xs>+-(X/<1@6ﬀ&)=
mDJ2!6!@<12E.0&/(:,DG+1(ﬀ*Np%XM2
(
>0.0:
Xs>¬ÈÃÂEÄ!]#%$ﬀ&).?&/4Y2,.0&,o!>0$ﬀ&qK:I\:
8ﬀ.02,*
.0:,Dç+F=S:tXM2
.?.0&)XM>W+1DG8ﬀ<-&/DG&/(K>c:\>?+-2,(2,4kwﬂxU"xeLy{,|
=?8&XM+1[X/:5>?+-2,(ÑÅ

oN:,(6H$&/(X/&2,4>?$ﬀ&7+-(ﬀ+1>?+F:5<="89&)X/+Q[9X/:\>0+12
(]
òh ú¢b¤
¾0¼
¢
ﬁä½u
°ﬀ2
.?DE:5<GDG&M>0$ﬀ2!6ﬀ=>?.c:,6ﬀ+Q>0+12
(:5<-<1B@="&:j="+-(ﬀ*
<1&g4Y2,.0DE:5<
=?8&XM+1[X/:5>?+-2,(<F:5(ﬀ*
@:5*
&4Y2
.&/vN8.?&=?=?+1(*J;925>0$>?$ﬀ&P.?&K@ﬀ+1.0&MU
DG&/(K>«=?8&XM+1[X/:5>?+-2,(=)o:5(6Ô>?$&=?B!=C>0&/D =?89&)XM+1[X):\>?+-2,(=/]
Õ$ﬀ&)(q>0$ﬀ&hXc$ﬀ2K="&)(4Y2,.0DE:5<!=?8&XM+1[X/:5>?+-2,(J<-:,(ﬀ*,@:,*,&T+-=:<12
*5U
+FX/:,<<F:5(*,@:,*,&,of>0$ﬀ&W="89&)X/+Q[9X/:\>0+12
(>c:,=?+-=JDG2,.0&6!+HX/@ﬀ<Q>o
;ﬀ@ﬀ>_>0$ﬀ&3I
&/.0+Q[9X/:\>0+12
(>0:
="g+-='.0&)6!@XM&)6>?2A=?$ﬀ2\Oﬂ+-(ﬀ*<-2,*
+QU
X):5<+-DG8ﬀ<-+-X):\>?+-2,(=/]fÕ$ﬀ&)(H>?$&Xc$ﬀ2K="&)(G4Y2,.0DE:5<Z="89&)X/+Q[X):\>0+12
(
<F:5(ﬀ*
@:5*
&`+F=rDG2!6!&)<QUV2,.0+1&)(K>?&)6o=?89&)XM+1[X):\>?+-2,(=r:,.?&TDJ2
.?&T&):
=CU
+-<1BW:,(6W892\OT&)."4Y@ﬀ<-<-B'&/v!8ﬀ.?&=?=?&)6o;ﬀ@!>>?$&PI
&/.0+Q[X):\>0+12
(>0:,=?
+F=R6!+HXM@ﬀ<1>W:5(6@=?@:,<1<-B4Y2
<1<-2\Oh=R:,(+1(ﬀ4Y2,.0DG:,<O%:Bm&,] *]
=?+1DP@ﬀ<F:\>?+-2,(9ps]
i(å2,.c6!&/.>02 ;ﬀ.0+1(ﬀ*:=?2,<-@!>?+-2,(>02>?$ﬀ&8.?2
;ﬀ<1&)D 2,4
>0$ﬀ&'Xc$2,+FXM&H;9&M>CO&/&)(A:SDG2!6!&)<QUV2,.0+1&)(K>?&)6:,(6:l8ﬀ.02,89&/.?>CB
U
2
.?+-&/(K>?&6j4Y2,.0DE:5<G="89&)X/+Q[X):\>0+12
(«<-:,(ﬀ*,@:5*,&
oq=?2,DG&DG2!6!&/<1U
2
.?+-&/(K>?&6 ="89&)X/+Q[X):\>0+12
( <-:,(ﬀ*,@:,*,&=æ$:I,&ç:
X/K@ﬀ+-.?&6 :
8ﬀ.02,89&/.?>CBKUz2
.?+-&/(K>0&)6Ø=?89&)XM+1[X):\>?+-2,( <F:5(ﬀ*
@:5*
&,] #%$+-=+F=
N(ﬀ2\Oﬂ( :,=Ł>?$ﬀ& Ô<ÕÌ ÛÜÄÊ_ÑbØÄJÑSÂ"ËÎÃyÄbÒÖÂÕÌÃy×6!&)=0XM.0+-;&6o
:5DG2,(*_2,>?$ﬀ&).0=)o;NBle`(N@ﬀ&)<1+f+-(}1Ñz7:'<12
*,+FX/:5<f<F:5(ﬀ*
@:5*
&q+F=
@=?&)6q4Y2,.&Mv!8ﬀ.0&)=0=?+1(ﬀ*.?&K@ﬀ+1.0&/DG&)(
>c=/o5:,(6J:DG2!6!&)<QUV2,.0+1&)(K>?&)6
<-:,(ﬀ*,@:5*,&7+F=%@=?&)6_4Y2,.6ﬀ&)=0XM.0+1;ﬀ+-(ﬀ*GDG2!6!&/<F=ﬂ2,.ﬂ+-DG8ﬀ<-&/DG&/(K>0:5U
>?+-2,(=)]i(:,6ﬀ6!+1>?+-2,(boN>?$ﬀ&^<-2,*
+-X):5<Z<-:,(ﬀ*,@:5*,&+-=ﬂ:,<-=?2J@="&6H4Y2
.
>?.c:5(=?<F:\>?+-(ﬀ*>0$ﬀ&_=?B!=C>0&/Dæ="89&)X/+Q[X):\>0+12
(+1(K>?2l<12
*,+FX/:5<L8ﬀ.?2
8!U
&/.?>?+-&)=)o:5(6>0$ﬀ&JI,&/.0+1[X/:5>?+-2,(>0:
="+F=h>0$ﬀ&/(3.?&:5<-+1d)&)6W+-(W>0$ﬀ&
<12
*,+FX/:,<h4Y.c:5DG&/O2,.0Z]hDG2,(*25>0$ﬀ&/.c=)oﬂ>?$ﬀ&Q­aÒ}Qî
<-:,(ﬀ*,@:5*,&^:,(6'>?$ﬀ&>?&/DG892,.c:5<bef&/>?.0+(ﬀ&M>c=q}1/~\@=?&7>?$ﬀ+F=:,8!U
8ﬀ.02
:,Xc$b]L#%$ﬀ&DG&M>0$ﬀ2!6!2,<-2,*
BH8ﬀ.02,892
=?&)6'+-(>?$ﬀ&qX/@ﬀ.0.?&)(
>ﬂ8:5U
8&).4Y2,<-<12\Oh=h>?$ﬀ&P>COT2_<-:,(ﬀ*,@:5*,&=%4Y.c:5DG&/O2,.0Z]iV>0=8:,.">0+-X/@!U
<-:,.?+1>CBH+F=>?$:5>ﬂ+Q>h*
2K&=ﬂ:G=C>0&/8_4Y@ﬀ.">0$ﬀ&/.oﬀ=?+1(X/&>?$ﬀ&X/2,(K>?.c:,XM>0=
&Mv!8ﬀ<-+-X/+Q>0<1B'892,+-(
>2,@!>ﬂ>0$ﬀ&&)=0=?&/(K>?+F:5<8.?2
8&).">0+1&=%>?2E;9&I,&).?+1U
[&)6]
#%$&RI,&).?+1[X):\>?+-2,(k>0$:\>G:W8ﬀ.02,*
.0:,D+F=PX/2,.0.?&Xs>Oﬂ.?>J=?BN="U
>?&)Dä=?8&XM+1[X/:5>?+-2,(=G+F=E:8ﬀ.?2
;ﬀ<-&/DØ=?+1DG+-<-:,.G>?2>?$&W2,(ﬀ&254
I,&).?+14YBN+1(ﬀ*q>?$:5>%=?B!=C>0&/D=?8&XM+1[X/:5>?+-2,(=:5.0&X/2,.0.?&Xs>LOﬂ.?>L>0$ﬀ&
.?&K@ﬀ+1.0&/DG&)(
>q=?89&)XM+1[X):\>?+-2,(=/]#%$N@=/o>0$ﬀ&H@=?&H254h:<-2,*
+-X):5<
<-:,(ﬀ*,@:5*,&f+-(:,6ﬀ6ﬀ+Q>0+12
(7>?2h:ﬂ8ﬀ.02,*
.0:,DGDJ+-(ﬀ*<-:,(ﬀ*,@:5*,&=?$ﬀ2,@<-6
$ﬀ&/<-8E>0$ﬀ&I
&/.0+Q[X):\>0+12
(P>c:,=?Z]ri(G>0$ﬀ&<F:,=">T6!&X/:,6ﬀ&)=)o
2
(ﬀ<1Bq4Y&/O
:\>?>?&/DG8!>c=R$:I,&S;9&/&)(t@ﬀ(6!&).">c:5
&/(>?2AXM2,(="+F6!&/.R>?$ﬀ&3+-6ﬀ&):
254b+-(K>?&)*,.c:\>?+-(ﬀ*J:,=0="&).">0+12
(=L+-(K>?2J8ﬀ.02,*,.c:5DE=)]rW2
.?&.?&XM&)(
>0<1B
o
W&/B
&/.%}Q@ß!$:,=r8ﬀ.02,DG25>0&)67>0$ﬀ+F=b+F6!&):o5:5(6q&/I
&/(*
2K&=b:=C>0&/8
4Y@ﬀ.?>?$ﬀ&).)]ji(6!&)&)6oﬂ$ﬀ&3:,6!I
2NX):\>0&)=J>?$:\>)oﬂ+-(2,.c6!&).G>?24:
XM&
>?$ﬀ&l8ﬀ.?2
;ﬀ<-&/DØ2,47X/2,.0.?&Xs>0(ﬀ&)=0=/oT&/I
&/.0B8ﬀ.02,*
.0:,D®2,89&/.c:\>?+-2,(
mY+-(=">?.0@Xs>0+12
('2
.ﬂ.?2
@!>?+-(ﬀ&7;92N6ﬀB!p%=?$ﬀ2
@ﬀ<-6';9&="B!=">?&)DG:5>?+FX/:,<1<-B
:,X)XM2,DG8:,(ﬀ+-&)6_;KB_:P8.?&/UL:5(6:J82K=C>?UVX/2,(6ﬀ+Q>0+12
(]
% Ë


¿
¤
ﬃ»N "

»
#%$+-=_8:589&/._8ﬀ.0&)=?&/(K>0=_:DG&M>?$2N6ﬀ2,<-2,*,BA4Y2,.'6!&/I
&/<-2,8ﬀ+-(ﬀ*
6!+F=C>0.?+-;ﬀ@!>0&)6H8.?2
*,.c:5DE=;:
="&6E2,(E>0$ﬀ&=">?&)8NOﬂ+-=?&.0&M[(&/DG&/(K>
25494Y2,.0DE:5<ﬀ=?8&XM+1[X/:5>?+-2,(=)]riV>L:
6!I,2!X):\>?&=>?$ﬀ&ﬂ@="&ﬂ2,4Z=?8&XM+1[X
>?&)DJ892,.c:5<8ﬀ.02,89&/.?>?+-&)=R4Y2,.'*,@ﬀ+F6!+-(ﬀ*A:,(6I
&/.0+Q4YBN+-(ﬀ*.0&M[(ﬀ&/U
DG&/(K>T=">?&/8=/]fi(H:,66!+Q>0+12
(o
4Y2,.L6!&)8&)(6ﬀ:,;ﬀ<1&:58ﬀ8ﬀ<-+FX/:\>0+12
(=)o
:
6!&)=?+-*,(E8ﬀ$:
="&ﬂ@="+-(ﬀ*^>0$ﬀ&wt:
Xs>?+-2,(HX/2,(X/&/8!>T+-=8.?2
DJ2,>?&6]
#%$&GX/2,DG8ﬀ<-&M>0&G6ﬀ&/I,&)<12
8ﬀDG&/(K>^254%:'=?DE:5<-<="B!=">?&/D+-=^6!&/U
=?X/.?+-;9&)6g=C>c:5.?>?+-(ﬀ*4Y.02,D +-(!4Y2,.0DE:5<7.?&K@ﬀ+1.0&/DG&)(
>c=_:A
:I\:
+1DG8ﬀ<-&/DG&)(
>c:\>0+12
(3+F=7.?&:,Xc$ﬀ&6o:5(6S&/I
&/.0BS=C>0&/8+-=4Y2
.?DE:,<1<-B
8ﬀ.02\I,&)6]
Õ&>?$+1(ﬀ>?$:5>E>?$ﬀ&WXM2
Dq;ﬀ+-(ﬀ&6@=?&254w:
Xs>0+12
(g6!&/U
="+-*,(t:,(6ŁwﬂxU"xeLy{,|k="89&)X/+Q[9X/:\>0+12
(DE:5,&=E+1>_&):
="+-&/.H>?2
8ﬀ.02\I,&74Y2,.0DE:5<-<1BR>?$:5>>0$ﬀ&q=?BN=">?&)D $:,=X/&/.?>0:,+1(W8ﬀ.02,89&/.?>?+-&)=)]
i(6!&)&)6owﬂxU"xeLy7{5|'=?8&XM+1[X/:5>?+-2,(=P8ﬀ.02\IK+F6!&)D :lDG:5>?$ﬀ&/U
DE:\>?+FX/:,<4Y.c:5DG&/O2,.0Zor:5(63&:,Xc$w :
Xs>?+-2,(k*
@:5.c:5(K>?&)&)=7:
="&/>^254T8.?2
8&).">0+1&=/]J#%$ﬀ&)=?&EX/:5(;9&J@="&6S>02X/2,(=">?.0@XM>>0$ﬀ&
8ﬀ.02K2,4r2,4*
<12
;:5<=?BN=">?&)D´8ﬀ.02,89&/.?>?+-&)=)]
#%$&DG&/>?$ﬀ2!6!2
<12
*,BG8ﬀ.0&)=?&/(K>?&6H$ﬀ&).?&
oK+-(_>?$ﬀ&^=?8&XM+F:5<X/:
="&
254P>?$ﬀ&wﬂxU"xeLy{,|<F:5(ﬀ*
@:5*
&,o+-=8:,.">254G:DG2
.?&*,&)(!U
&/.c:5<>?$ﬀ&)2,.0B}Q|7>?$:5>W:
6ﬀ6ﬀ=':X/2,(K>?.c:,XM>mYDE:
6!&32,4q<-2,*,+1U
X/:,<
8ﬀ.02,89&/.?>?+-&)=cp9>02:ﬂDG2!6!&/<1Uz2
.?+-&/(K>0&)64Y2,.0DE:5<K="89&)X/+Q[X):\>0+12
(o
:5(6J>0$:\>T&/(:,;ﬀ<1&=>02^8ﬀ.?2\I
&%>?$ﬀ&XM2,.0.0&)Xs>0(ﬀ&)=0=f254.0&M[(&/DG&/(K>
=C>0&/8=ﬂ4Y2,.0DG:,<1<-B,]
°@ﬀ.?>?$ﬀ&).h.?&="&:5.cXc$HOﬂ+-<1<bX/2,(=?+F6!&/.

:*
&/(ﬀ&).0:,<h6!&M[(+Q>0+12
(254^="&)DG:,(K>?+FX/=J4Y2,.H>?$ﬀ&wÔ:
XsU
>0+12
(3DG2!6!&)<`;NBS*,+-IN+1(ﬀ*W:6!&)(ﬀ25>c:\>?+-2,(:5<="&)DE:5(K>?+FX/=72,4
:X/2,.0&Hw:
Xs>0+12
(3<F:5(ﬀ*
@:5*
&q>023wﬂxUCxeTy{,|G4Y2,.0DE:5<
=?89&)XM+1[X):\>?+-2,(k}1)áV

>0$ﬀ&%I,&).?+1[X/:5>?+-2,(^2,496!+F=C>0.?+-;ﬀ@!>0&)6J="B!=">?&)DG=f6!&="+-*,(&)6@=CU
+-(ﬀ*l>?$ﬀ&Ww´:,XM>?+-2,(=P;NB:,8ﬀ8ﬀ<-BN+1(ﬀ*l>?$ﬀ&R>?&=C>GDG&M>?$2N6
6ﬀ&M[(ﬀ&6_4Y2,.wﬂxU"xeLy{,|H} ßV

>0$ﬀ&ﬂh&)(ﬀ(ﬀ&)=0=?B
UW+-<1(&/.<-2,*,+FXT@="&6P>?27&Mv!8ﬀ.0&)=0=r>?$ﬀ&hX/2,(!U
>0.0:
Xs>c=+F=:RI,&).?B="+-DG8ﬀ<-&P<-2,*
+-X>?$:5>&/(:5;ﬀ<-&)=>?2';ﬀ@ﬀ+-<-6
>02N2,<F=4Y2
.^I,&).?+1[X/:5>?+-2,(3&):,=?+-<1B
]J2\OT&)I,&/.oZ+Q><F:,Xc!=&MvNU
8.?&=?=?+1IN+1>CB,oK="+-(XM&:5(NBG+1(NI\:5.0+F:5(K>L(ﬀ&)&)6ﬀ=:5(H+-(![(+Q>0&=?&M>
2,4Z4Y2,.0Dq@ﬀ<F:5&ﬂ>02;9&6!&=?X/.?+-;&6]fÕ3&:5.0&h(ﬀ2\OXM2
(=?+-6!&)."U
+-(ﬀ*P+1DG8ﬀ.02\IN+1(ﬀ*7>0$ﬀ+F=T<-2,*
+-XhOﬂ+Q>0$_=?2,DG&ﬂ>?&)DG82
.0:,<2
8&)."U
:5>?2
.0=)o2,.&/I,&)(@=?+1(*:,(ﬀ25>0$ﬀ&/.<12
*,+FX`+-(>0$ﬀ&L4Y.c:5DG&)OT2
.?
2,4wﬂxUCxeTy{5|ﬀ

>0$ﬀ+F=h8:,8&).2,(<1B'="$ﬀ2\Oh=h8ﬀ.?2N2,4=(? DE:
6!&;NB_$:5(6e?-Z:5@!U
>02,DE:\>0&)6^I
&/.0+Q[9X/:\>0+12
(o:5(6X/2,(=">?.0@XM>?+-2,(^2549XM2,(K>0.0:
Xs>0=
:,.?&;9&/+-(ﬀ*E+1(NI
&)=">?+-*
:\>0&)6]
%
¸ö¿u


KA¤"¢
ﬁh©
¢
¦
¢b
¼f»
Õ3&%:5.0&`*
.0:5>?&M4Y@<,>02¬Bﬂ2
;&).">
u
>?.02,@6P:\>r>?$ﬀ&%Óh(ﬀ+-I,&).0=?+1>CB2,4
y&/O%X/:,=">?<-&J@ﬀ82
(#TBN(ﬀ&J4Y2,.7$ﬀ+F=4Y.?@+Q>?4Y@ﬀ<LXM2
DGDJ&)(K>0=)]J#%$ﬀ+F=
.0&)=?&):,.0Xc$$:
=J;&)&/(="@ﬀ882
.">0&)6A;KB
u
eBhiC# 2
(ﬀ*3#r&/.0D
Bﬂ&="&:5.cXc$ÊeL.?2,aC&)Xs>|,ê,êKÑ,|2
(

­&="+-*,(³4Y2
._`:5<-+-6ﬀ:5>?+-2,( 
mn­&#`:
pMm$K>">?8b¸{
{OﬂOﬂO^] (ﬀ&/O%X/:
=C>0<1&
] .0&)=?&):,.0Xc$] &)X,] 2
.?*!{\6!&)I\:
ps]
I,&/<-+-(ﬀ2q°]\92,.0d/2^+F=T=?@ﬀ8ﬀ892,.?>?&6G;NBHwyeLm1C.c:5d)+1<pf@ﬀ(6ﬀ&/.
*
.0:,(
>%(N@ﬀDq;9&/.|,ê,ê
ß5ﬀ\{\é
ß!] îﬀ]
ú¢ùc¢
½
¢r
¿
¢
»

U4¡ 7¢ﬃ£
ïD¤¥
¢ﬃ¦
ç¯ó>ë@æHøøU¤Çð
¢2¦
ò á ç¯ó@ò,§!ð1¨Iã¤Rí
¢2¦
ïŁ@ñåç*¤
¦©¢ﬃ ¢"ª
èåò:ïmëD¤
ç¯ómëd«
¢D¬
ïD­¯® gç¯ï@ø èÞèò:øæHåç¯ó@äHæuñóÆäHò:ó@äHï@ååæHóÇèò2Ł*°1æHäFèqç}ò:åñæHóÇèæMë
ðòﬃ±è}æ0ç¯åæ\è1@åò:ïmÞ2ÂäﬃòÇò:åë!ñóç5èæMë>æHååò:å¬åæHäﬃò,§æHåqãV²³¤
^2´
è15µ}óÇèæHåqç
óç5èñò:ó@ç¯ø
ª
ãRáÁâXò:ðñïmá ò:óAgç¯ï@ø èuç}éò:øæHåç¯óèñíWò áÁâ!ï!èñó>Þ¤
U,¶2¶2´
¤
êç¯ðçGë@æHóç*¤V·
ª
ð¸¤
U,¶2¶2´
¤mâmâ
¢­p´2¹
ç
p´º#¢

^3
¥
¢¦
ç¯ó>ë@æHøøU­N®
ª
ã!ð1èæMáÙð#ðèåï@äFèï@åæ±ò:åðòﬃ±è}æ0ç¯åæ~±ç¯ï@ø è#èò:øæﬃåç¯ó@äHæ2²³¤
»1¼½¼N¼Q¾7¿À2Á7Â4ÀÃ(ÄUÅÆ2Á7Â~Æ2ÁÇ/ÆXÈÉÄUÊ½À2¿1Ë¼Á#Ì2ÅÁJËÉË,¿4ÅÁ#Ì
¤
U,¶ºﬃ´
¤#ÍXô
^
ö"âmâ
¢
^^2¹
ç
^k^*¢

k3¡ 7¢
ï(åçkã¤ç¯ómë6ð
¢V¦
æﬃïèæHå(­Î® éåç¯ó@ðç¯äFèñò:óÎâ!åòÇäﬃæHððñómÞ­ËäHò:ó@äHæMâ!èð
ç¯ómë?èæﬃäX@ó@ñ³ÏÇï@æHð(²³¤*Ð ò:åÞç¯óÒÑÉç¯ï*±.á ç¯ó@óEêﬁïŁ@øñð1@æHåð,¤
ª
ç¯óÐ\ç5èæﬃò¤
íeðÓ¤7·
ª
ð¸¤
U,¶2¶k
¤
^
ómësæMë@ó
¢

pﬃÕÔ¸¢
¥ñ³ŁgæHåð1èæHñóD¤Ö
¢
¥ï!äÉ@ð(¤Ëç¯ó>ëA
¢
ï(ï@æHø ×M­8® í
Ô
ç
Ô
êÎØ
^
­Zð
äﬃò:ó!äﬃï!ååæHóè#ò2Ł*°1æﬃäFèuç}ò:åñæHóèæMëÓ±ò:åqá ç¯øñðáÙ²³¤ñó[êﬁåòä
¢3ª
æHäHò:ómëµÚuµ}ê
íWò:ó#±æHåæHó@äHæ0ò:óò:åqá ç¯ø*Ð æFè1@òIë@ð½±ò:å
Ô
âXæHó
Ô
Ł#°æHäFèuçÛ¥Wç¯ðæMë¯Ö%ñðqç
èåñ³Ł@ï!èækë
ª
ãðèækáÙðÞô½Ð
Ô|Ô
Ö
ª
ö
¢
íçGâmá ç¯ó ç¯ó>ëÙÜ(ç¯øøU¤
U,¶2¶º#¢

´3
í
¢
ê¸ÝæHåç¯ñåæ2¤
ªV¢
¥Wç¯åXŁgæOã¤%ç¯ómë&Ö
¢
¥ï@äÉ@ð,­<® éæﬃð1èuðæHøæHäHèñò:óA±ò:å
ò2Ł*°1æﬃäFèuç}ò:åñæHóèæMë ðòﬃ±è}æ0ç¯åæ5Łç¯ðæMë ò:óÞ±ò:åqá ç¯øÙðâgæHäﬃñ ×@äﬀç5èñò:ó@ð
¢
²
ª
æHäﬃò:ó>ëÕßﬁæﬃç¯å
¦
ækâgò:å1è%òﬃ±dàðâ@åñ èàò:ómÞ³éæHåqá
¦
æﬃðæﬃç¯åäÉZêﬁåò3°æHäFè
^2¹2¹º^âá
Ö(æHðñrÞ:óãò:åfäﬁç¯øñrëç5èñò:ó*å ôæÖ(æ4äﬁçö4¤RÖ(æMâç¯åèqáÙæHóÇèÂòﬃ±
íWò áÁâ!ï!èñó>Þ
ª
äHñæHó@äHæ¤|·%ó@ñ §æHåðñ è}ãiòﬃ±ËæOæWäﬃç¯ðèøæR· âXò:óÑéÃã!ó!æ¤
U,¶2¶º
ôç¯øðòlñóZê
¦Ô
í
Ô
ÐAàÃé|²
¶2ç
ö
¢
 è
¡ 7¢
çê
¢
¥Wç¯ó[éç5èåæ2¤Xç¯ómëÙÖ
¢
àæ©Ð&ÝæFèçMãæﬃå,­ê® ï çGáÁá çç¯ómësè1@æÞäÉ@æMá³ç
ñäﬀç¯ø*åæﬀç¯äFèñò:ó6áÙòRë@æHøU­0èæﬃó(ãæﬃç¯åð ç3±èæHå(²³¤ñó
 7¢
çÚÐ
¢
ð(ómë!å*ÝæHò:øñU¤í
¢
Ü(ç¯ó¨ÇñóD¤!ç¯ómëKÖ
¢
àæÎÐAÝæFèçkãæHå ô.àÃë@ðö4­® íòò:åqë@ñóç5èñò:óêﬁåò Þ:åçGá³ç
áÙñómÞ­[Ð æHäÉç¯ó!ñðáÙð(¤"Ð òIë@æHøðWç¯ómë
ª
æká ç¯óèñäﬃð,²³¤"µuí&êåæHðð,¤
U,¶2¶
è
¢
º(
Ð
¢u¬
ñåðñómÞ­P® ð%ørÞ:æﬀŁ@åç¯ñä¬ðâgæHäﬃñ ×@äﬀç5èñò:óD²³¤0ñó
 ¢
äﬁç¯ófà
æﬃæHïÇæWæHó
ô1à9ë
¢
öÉ­½® Ü(ç¯ómë*ŁXòÇò2¨òﬃ±!é@æHò:åæHèñäﬃç¯øíò áÁâ@ï!èæﬃå
ª
äHñæHó@äHæ2¤§ò:øïmáÙæ
¥­Mò:åqá ç¯øÐ æFèX!òRë@ð?ç¯ómë
ª
æMá ç¯óèñäHð,²³¤\%ò:åè1>çÛÜËò:øønç¯ómëD¤dðØáÙðqç
èæHåqëçGáÙ¤
U,¶2¶2¹*¢

ç3
¥
¢#¦
ç¯ómë!æﬃøøU¤Rð
¢#¦
ò á ç¯ó@ò(§ðX¨Çã¤
¦|¢# 7¢ª
èåò:ïmë/¤
 ¢#£
ïD¤!ç¯ómë;ð
¢

¢
«Xò:å1ëﬃò­\® íWòÇò:åë!ñóç5èæMë?ç5èò áÙñäWç¯äFèñò:ó@ð(­[±åò áMäHò:ó@äHæMâ!èèòÉñráÁâ@øæOç
áÙæHóÇèç5èñò:ó
¢
²méæHäÉ@ó@ñäﬃç¯øåækâgò:å1èØé
¦a´2¶2´
¤JÖ(æMâç¯å1èáÙæHóèËòﬃ± íò á³ç
â@ï!èñómÞ
ª
äHñæHó@äHæ2¤N·Ëó@ñ §æHåðñ è}ã-òﬃ±%æOæWäﬃç¯ð1èøæ ïmâgò:ó=éÃãó@æ2¤
U,¶2¶º#¢
ôæè1èâD­ Ø2Øæèæèæ
¢
äHð
¢
ó@äHø
¢
ç¯ä
¢
ï¨*Ø5åæHðæﬃç¯åäXJØﬀèåð4ØbâçGâgæHåðÉØ
´2¶2´*¢
â@ðFö

¶3¡¦©¢
Ü
¢
íWçGáÁâŁgæHøøU¤ç¯ómëP¥
¢D¦
ç¯ómë!æﬃøøU­Ó® àﬁååò:å åæHäHò(§æHåuã¨ñó-ç¯ðuã!ó>ç
äÉ@åò:ó@ò:ï@ðlðuã!ð1èæMáÙð(²³¤
»¼N¼½¼ì¾7¿À2Á7Â4ÀÃ(ÄUÅÆ2Á7ÂÕÆ2ÁdÇ/Æ1È4ÄUÊ½À2¿ËÕ¼~Á#ÌÅí
ÁJËÉË(¿4ÅÁ#Ì
¤
U,¶2ç
è
¤[Í*î
ô
ç
öÉ¤mâmâ
¢JçhUU
ç
ç^
è
¢

U,¹3
ê
¢
ð
¢
àæHæ2¤0ç¯ómëVé
¢
ð(ómë@æHåðò:óD­P® gç¯ï!ø èlèò:øæHåç¯ó@äHæ­Aâ@åñó@äHñrâ@øæHð
ç¯ómëñâ!åç¯äFèñäHæ2²³¤
ª
â!åñómÞ:æHåqçæäﬁæHåønçGÞ¤*¥æHåøñóD¤
U,¶2¶2¹*¢

UU4
ï
¢
Ö(ñÐ\ç¯åXëHò
ª
æHåïmÞ:æHómë@ò¤
¢
ï(ï@æHø ×M¤ ð
¢N¦
ò á ç¯ó@ò(§ðX¨Çã¤(ç¯ó>ë
ð
¢

¢
«gò:åXëHò­f® ò:åqá ç¯øÛë@æ4§æHøò âmáÙæHóÇèsç¯ómë&§¯ç¯øñrëç5èñò:óÂòﬃ±qè1@æ
Ö
ª
ï çGáÁá ç ðqãðèæMáïŁç¯ðæMëò:óÌí
Ô
ç
Ô
êÎØ
^
ç¯ómëÌíòÇò:åë@ñóç5èæMë
ðWèò áÙñäÙç¯äFèñò:ó@ð
¢
²éæﬃäX@ó@ñäﬃç¯ø
¦
æMâgò:åè
¶2ç
Ø
^
è
´
¤
ª
òﬃ±è}æWç¯åæàﬁómÞ:ñ ç
ó@æHæHåñómÞKàçﬃŁgò:åç5èò:åqã¤
ª
æËñððækë!æﬃåç¯øNµ}ó@ð1èñ èï!èæ òﬃ±eéæHäÉ@ó@ò:øò ÞGã¤
àç¯ï@ðç¯ó@ó@æ2¤
ª
æËñ è1ëﬃæHåønç¯ómëD¤
U,¶2¶2ç*¢

U^3
ï
¢
Ö(ñêÐ\ç¯åXëHò
ª
æHåïmÞ:æHómë@ò­8®
ª
èæMâÇæËñðæ
¦
æ4×ó@æMáÙæHóÇèlòﬃ±Îò:åá ç¯ø
ª
âgæHäﬃñ ×@äﬀç5èñò:ó@ðN¥Wç¯ðæMë?ò:ó¸àò Þ:ñäﬃç¯øò:åáqï@ønç¯æ2­/±åò á í
Ô
ç
Ô
êØ
^
ª
âgæHäﬃñ ×@äﬀç5èñò:ó@ð0èò
 
ç,§:ç[êﬁåò Þ:åçGáÙð(²³¤
ª
æ%ñðð~æMë@æHåç¯øDµ}ó!ðèñ èï!èæÉòﬃ±
éæHäÉ@ó@ò:øò ÞGã¬ñó¡àç¯ï@ðç¯ó@ó!æ¤ê½më¬è1@æHðñðËó@ò
U,¶khU
¤
U,¶2¶2¶*¢

Uk3Õ ¢
ï(ò:ðøñómÞ¤
 ¢
¥ñøøU¤@ç¯ómëñï
¢Jª
èæHæHøæ2­~® é@æ
 
çﬀ§:ç?ønç¯ó>Þ:ïçGÞ:æÉðâgæHäOç
ñ ×äﬃç5èñò:ó/²ô.é@æ
 
ç,§¯ç
ª
æHåñæﬃð,¤IðÛëmë@ñðò:ó>ç
¬
æHðøæOã¤Ð\ç¯ððç¯äÉÇï@ðæHè1èð(¤
U,¶2¶
è
ö
¢

Upﬃ
Ð
¢
æHørë@æHå(¤DÖ
¢
Ð\ç¯ómë@åñò:øñU¤
ç¯ó>ëÎð
¢
Ð ò:åXëHæHóÇèñU­|® êﬁåò,§!ñó>Þ;êåò â>ç
æHåèñæﬃðòﬃ±
¦
æﬃç¯ø ç}é0ñráÙæ
ª
ãðèækáÙð9é@åò:ïmÞ2Òà
ò Þ:ñäﬀç¯ø
ª
âgæHäHñ ×äﬃç5èñò:ó!ð
ç¯ómë´ê*æFèåñËæFèÐ òIë@æHøð(²³¤
»1¼½¼N¼ð¾7¿ÀÁ7ÂÉÀ"Ã,ÄUÅÆÁ7ÂêÆ2ÁÒÇ/ÆXÈÉÄUÊ½À2¿1Ëê¼~Á7í
ÌÅÁJËÉË(¿4ÅÁ#Ì
¤
U,¶2¶p
¤Vî7ñ,ô
^
ö4¤â>â
¢U^º
ç
Up­U2¢

U,´3
¥
¢
Ð æMãæHå,­Ó®
Ô
Ł*°1æHäFèqç
Ô
åñæHóÇèæMë
ª
òﬃ±è}æ0ç¯åæíò:ó@ðèåï!äHèñò:óD²³¤"êﬁåæHó>ç
èñäHæ©Ü%ç¯øøU¤
U,¶2¶º#¢

U
è

Ñ
¢
àç¯ó@ò­N® ò:åqá ç¯ø
Ô
Ł*°1æHäHèuç
Ô
åñæﬃóèækëÖ%æﬀ§æHøò âmáÙæHóè(²³¤
ª
â!åñómÞ:æHåqç
äﬁæHåønçGÞ¤
U,¶2¶2´*¢

U(º(
ð
¢
êóï!æﬃøñU­\®
ª
ã!ð1èæMá
ª
âXæHäHñ ×äﬃç5èñò:ó ç¯ómë
¦
æ4×ó!ækáÙæHóèﬁñóEéæMáÁâXòGç
åç¯øVàò Þ:ñä2²³¤7à[Ûí
ª
è
´^
¤Tâmâ
¢_U
ç
k2ç
¤
U,¶2¶^*¢

U,ç3Õ ¢
äﬁç¯äÉ@ò:óD¤Ö
¢
¥ï@äÉ@ð,¤Ð
¢
¥ï*òXò¤Tï
¢
Ö(ñVÐ\ç¯åXëHò
ª
æHåïmÞ:æHómë@ò¤7¥
¢
¦
ç¯ó>ë@æHøøU¤mð
¢*¦
ò á ç¯ó@ò(§ðX¨Çã¤
¦©¢ª
èåò:ïmë/¤gç¯ómë
 ¢*£
ïD¤J® í
Ô
ðàðç
ðdò:åá ç¯ø"àç¯ómÞ:ïçGÞ:æ~±ò:åíòò:åqë@ñóç5èækëEðWèò áÙñä9ð(äFèñò:ó!ð(²³¤Ö(æ4äﬁç
é@ñåëÕßæﬃç¯å
¦
ækâgò:å1è(¤DÖ(æHøñ §æHåçﬃŁ@øæHð(­èê#ç¯å1è
^
ô1ê#çGâgæHåðö4¤DÖ(æHäHæká³ç
Łgæﬃå
U,¶2¶2ç*¢

U,¶3
ð
¢

¢
«Xò:å1ëﬃò­ó® Ö(æMâgæHómëçﬃŁ@øæôÐ ï@ø èñrâ@ç¯åè}ãõµ}óèæﬃåç¯äFèñò:ó@ð,­ ð
íWç¯ðæ
ª
èïmë>ãV²³¤
^2¶
èXíò:ó*±æHåæﬃó!äﬃæZò:ó*éæHäÉ@ó@ò:øò ÞGãMòﬃ±
Ô
Ł#°æHäFèuç
Ô
åñæHóèæMëöàç¯ómÞ:ïçGÞ:æHð ç¯ómë
ª
ã!ð1èæMáÙðç*é
Ô|Ô
à
ªh^2¶
ç}àï@åò âgæ2¤
(ç¯ó@äOã¤7åç¯ó@äHæ¤
 
ï!ó@æ2¤
U,¶2¶2¶*¢
